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SPECIFICATION 
METHOD FOR SCREENING GENOMIC DNA FRAGMENTS 
TECHNICAL FIELD 

[0001] This invention relates to a method for efficient 
screening of genomic DNA fragments capable of providing 
plants with an agriculturally advantageous phenotypic 
variation. 
BACKGROUND ART 

[0002] With a view to breeding agriculturally advantageous 
new plant varieties, cross breeding in which two plants are 
crossed and progeny is selected, mutation breeding in which 
mutation is induced in a plant, and other methods have 
conventionally been practiced. Recently, with the progress 
of biotechnology, genetically modified plants have been 
bred by introducing a useful gene and causing its function 
to be expressed. 

Breeding a new variety by introducing an individual gene 

In order to breed a new variety by genetic 
engineering, it is usually required at a first step to 
isolate a gene and analyze its function. Recent years have 
seen a dramatic increase in molecular biological findings 
about plant genes and the genomic DNA sequences of many 
species have been determined with many partial- as well as 
full-length cDNA clones being isolated and determined for 
their sequences. However, many of the heretofore cloned 
putative gene functions are simply based on the information 
that the nucleotide sequences of genetic coding regions or 
the amino acid sequences deduced therefrom of the proteins 



are similar to the sequences of already discovered enzyme 
genes and the like and in order to verify the function of a 
particular gene, one must make sure that the expression of 
the gene and its phenotype agree in a transf ormant . As a 
result, considerable time and labor is required to unravel 
the functions of individual genes and little progress has 
been made in this aspect. An attempt is being made to 
verify the functions of a gene by isolating a full-length 
cDNA clone, linking it to a suitable promoter and 
terminator and transforming it. As an improved version of 
this attempt, a technique has been developed that comprises 
introducing a library of full-length cDNAs into a plant and 
making an exhaustive analysis of functions of the genes (WO 
03/018808A) . However, in those approaches, the promoter is 
not what is inherently associated with the gene and introns 
as well as other gene expression regulating functions have 
been removed, so it is not expected for the genes to be 
expressed to exhibit the inherent functions. As a further 
problem, splicing of some genes is shown to be alternative 
(Jordan et al. Trends in Plant Sciences 7:392-398, 2002), 
so the cDNA clones obtained may have lost their inherent 
functions . As a matter of fact , the phenotypic variations 
observed in such transgenic plants do not have much utility 
for the purpose of breeding a new variety. 

[0003] In recent years, techniques in bioinf ormatics are 
employed to deduce coding region that is translated into 
the protein, and promoter, intron and other regions of a 
gene. Modes of gene expression are investigated by the 
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microarray technology using DNA fragments. A number of 
function-deficient variants have been prepared by the gene 
knockout technique and are used in function analysis of 
genes. In addition, transf ormants having enhanced gene 
expression are prepared by activation tagging and used in 
function analysis of genes . To unravel the 
interrelationship between proteins encoded by genes, 
two-hybrid system is employed. 
[0004] In the deduction of gene function by 
bioinf ormatics, the finding obtained from the relation 
between the function and structure of a known protein and 
the sequence of the gene encoding it are often employed to 
search for the yet to be known function of a gene. 
However, recent studies have shown that there are many 
cDNAs that are not translated into proteins, or which 
permit transcription of a mRNA-like RNA but not produce a 
protein. There are also many genes that function as low- 
molecular weight RNAs after transcription. Therefore, in 
the bioinf ormatics techniques proposed to date, there are 
many genes on genomic DNA that present difficulty in 
unraveling their functions. Therefore, deducing gene 
functions is not easy even if such latest techniques are 
fully exploited. 

[0005] As noted above, analysis of gene functions is not 
easy even today. And even if a gene function is specified, 
it is difficult for the above-mentioned methods involving 
the transformation of individual genes to breed a new 
variety that is improved in traits whose expression will be 



improved in so-called heterosis or in quantitative traits. 
[0006] In order to capture a gene in a certain organism 
that brings about a known phenotype possessed by said 
organism, an attempt is being widely made that comprises 
constructing genomic libraries from said organism, 
introducing the libraries with a plasmid into a 
microorganism such as yeast or bacterium to prepare 
transformed cells, selecting a particular transformed cell 
on the basis of the information known for said known 
phenotype, for example, information such as the transcript 
of said gene, and employing the selected transformant to 
clone the desired gene (shotgun cloning) (Dairi et al. Mol 
Gen Genet 262:957-964, 2000). 

[0007] In one application of shotgun cloning, a plant 
genomic library was transformed by introducing it into a 
plant, rather than a microorganism (Klee et al . Mol Gen 
Genet 210:282-287, 1987). In this experiment, a genomic 
library was constructed from an Arabidopsis transformant 
prepared by introducing a kanamycin resistance gene from a 
microorganism. Petunia leaf discs were infected with mixed 
strains of Agrobacterium containing the genomic clones in 
order to select kanamycin resistant petunia cells, namely, 
petunia cells harboring the kanamycin resistance gene 
derived from the Arabidopsis transformant. As a result, it 
was shown that the microorganism derived kanamycin 
resistance gene in the Arabidopsis genome could be captured 
after introduction into petunia by transformation. 
[0008] Further disclosed in connection with Arabidopsis 
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was a case in which a genomic library was constructed from 
a mutant showing chlorosulf uron resistance due to mutation 
in the acetohydroxy acid synthase (AHAS) gene and three 
genomic clones harboring the mutant AHAS gene were isolated 
and introduced into tobacco, producing chlorosulf uron 
resistant transf ormants (Olszewski et al. Nucleic Acid Res. 
16:10765-10782, 1988). 

[0009] These studies disclose techniques in which genomic 
libraries are used to transform plant cells and the gene 
cloning is performed. However, they have not succeeded in 
capturing any unknown gene of the donor plants of the 
genomic libraries, nor in improving the plants by the 
introduction of the unknown genes. Given those techniques, 
it is still difficult to breed a new variety that is 
improved in agriculturally useful traits, particularly in 
traits whose expression will be improved in so-called 
heterosis or in quantitative traits. 
Heterosis 

Heterosis is a phenomenon in which the Fi generation 
of a cross between inbred lines is superior to the parental 
lines. In heterosis, various trait improvements are 
recognized, such as higher vigor of the entire plant, 
larger plant and organs, higher yield, rapid growth, 
greater resistance to diseases and pests, greater 
resistance to various environmental stresses including 
drought, high temperature and cold temperature, increase or 
decrease in a specified component, and increase or decrease 
in a specified enzyme activity, and many of these traits 
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are extremely advantageous in agriculture. A heterosis 
based breeding method that has been employed from old times 
in order to improve cultivated plants is Fi hybrid breeding 
in which different parents are crossed to create a new 
variety and this has made great contribution to breeding 
superior varieties of many crops including maize. However, 
Fi hybrid breeding requires a large number of steps such as 
development and improvement of the breeding population, the 
development of inbred lines, examination of general 
combining ability, examination of specific combining 
ability, and the selection of F x variety. In addition, 
each of these steps requires a lot of time and labor. What 
is more, while heterosis often produces great efficacy in 
the crossing of genetically distant parents, in the case 
where the relation between the parents is remote, crossing 
often does not produce fertility, thus limiting the range 
of species that can be crossed. 

[0010] The molecular mechanism for heterosis is yet to be 
unraveled. Even the latest textbook on thremmatology 
states as follows: "the causal factors (in heterosis) at 
the physiological, biochemical, and molecular levels are 
today almost as obscure as they were at the time of the 
conference on heterosis held in 1952" (Genetics and 
Exploitation of Heterosis in Crops, p. 173, ed. Coors and 
Pandey, 1999, American Society of Agronomy, Inc. and Crop 
Science Society of America, Inc., Madison, WI, U.S.A.) 
[0011] Interesting reports on heterosis in maize were 
recently made. They are Fu and Dooner, Proc. Natl. Acad 
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Sci USA 99:9573-9578, 2002 and Song and Messing, Proc Natl 
Acad Sci USA 100:9055-9060, 2003. In both reports, the 
authors investigated intervarietal differences in 
nucleotide sequence noting specific loci in maize, and 
consequently showed that the intervarietal differences were 
considerably greater than in self -fertilizing crops such as 
rice. 

[0012] These findings are interesting because they show 
that in cross-fertilizing crops such as maize which tend to 
develop heterosis, the sequences of genomic DNA have 
greater intervarietal differences than in self -fertilizing 
crops; yet, it cannot be said they have reasonably 
unraveled the molecular mechanism for heterosis . 
[0013] Thus, no insight has yet been gained into the 
mechanism for heterosis at the molecular level. However, 
at the level of classical genetics, it has been suggested 
that the following various genetic interactions are 
involved in heterosis. 
[0014] A) Dominance effect 

Traits for which heterosis is observed are governed by 
a large number of loci in various linkage groups , and in 
each locus , an allele advantageous for survival and 
productivity is often considered to be dominant whereas a 
disadvantageous allele is recessive. Since there are many 
loci in linkage, it is almost impossible to obtain a plant 
line in which advantageous alleles are homozygous for all 
of such loci. However, F x plants can possess all the 
advantageous alleles from the parents so that heterosis is 
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induced. 

[0015] B) Over- dominance effect 

In a large number of loci, the case where two alleles 
are heterozygous is sometimes more advantageous in survival 
and productivity than the case where the locus is 
homozygous, and the sum of such effects brings about 
heterosis . 

[0016] If over- dominance effect exists in a locus having 
particularly great effect, one can observe heterosis due to 
the over -dominance effect of that single locus. This 
phenomenon is called single-gene heterosis or single-locus 
heterosis. Although not contributing to any particular 
phenotype in the original plant, this is a gene or locus 
that brings about a useful phenotypic variation by the 
interaction between genes in another plant . Known examples 
of genes or loci that exhibit such property are the alcohol 
dehydrogenase gene in maize (Schwartz, Theor Appl Genet 
43:117-120, 1973) and the purple plant locus in maize 
(Hollick and Chandler, Genetics 150:891-897, 1998). 
[0017] C) Interaction of non-allelic genes 

Traits advantageous for survival and productivity are 
sometimes brought about in Fi hybrids as synergism between 
different genes. The sum of the effects of a large number 
of genes exhibiting such property brings about heterosis. 
The interaction between non-alleles is also called 
epistasis . 

[0018] D) Interaction between nuclear genes and 
cytoplasmic genes 
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Through the interaction between nuclear genes and 
cytoplasmic genes, traits advantageous for survival and 
productivity are sometimes expressed in Fi hybrids. 
[0019] The various types of interaction between multiple 
genes is considered to induce heterosis. Stuber (Plant 
Breeding Reviews 12:227-251, 1994) reviews a large number 
of references that show examples of the involvement of 
those types of interaction of genes and emphasizes that 
heterosis is governed by a large number of genetic factors. 
Li and Yuan (Plant Breeding Reviews 17:15-158, 2000) also 
consider that heterosis is caused by the combination of the 
above-mentioned various effects. 

[0020] Thus, heterosis is governed by a large number of 
genetic factors, so it has been difficult for the prior art 
technology to breed a new variety that is further improved 
in traits whose expression is known to be higher in 
heterosis . 
Quantitative traits 

Traits that can be improved in expression by heterosis 
are often "quantitative traits", and it is not easy to 
genetically analyze quantitative trait loci (QTL) which 
govern heterosis. Nevertheless, with the recent advances 
in molecular biological techniques, it has become possible 
to perform genetic analysis of QTL using DNA markers. As a 
matter of fact, there are cases for successful 
identification of chromosomal sites containing QTL that 
govern certain quantitative traits. In addition, studies 
are being made to clone agriculturally useful genes by 
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molecular biological techniques using genetic maps. 
[0021] In some organisms, many molecular markers have been 
identified on chromosomes to help construct genetic maps 
based on the linkage analysis of the markers. Their 
physical relative positions have also become clear by 
linking long cloned genomic DNAs . 

[0022] In organisms for which genetic maps have been 
constructed, attempts to unravel the physical positions of 
genes that govern those traits and isolate such genes have 
been made by linkage analysis of traits that exhibit 
specified phenotypes and their markers, and subsequent 
chromosome walking. As a matter of fact, several genes 
have been isolated by this technique (map-based cloning) . 
[0023] However, in standard QTL analysis, a QTL-containing 
site can only be identified in an approximate manner and 
only DNA fragments theoretically harboring a large number 
of genes can be identified as QTL-containing DNA fragments. 
It is not easy to identify such fragments as those capable 
of being cloned or as those that can be introduced into a 
plant by transformation. In addition, the task of 
constructing a detailed genetic map, specifying a gene of 
interest on the basis of the map information and cloning 
the gene requires a considerable amount of time and labor. 
In fact, there are only few cases in which DNA fragments 
that could increase quantitative traits were cloned on the 
basis of QTL analysis. 

Constructing genomic DNA libraries and the technology of 
transformation with genomic fragments 
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The technology of constructing libraries of plant 
genomic fragments is known. Using transformation vectors 
that can be used to transform plants in the process is also 
known. For example, vectors are known that can be used for 
cloning large (40-80 kb) DNA fragments and which permit 
gene transfer into plants (Liu et al. Proc. Natl. Acad. 
Sci. USA 96:6535-6540, 1999). Experimental attempts have 
also been made to introduce plant genomic fragments as 
individual clones into higher plants. However, no one has 
ever made an attempt in such a way that a large number of 
genomic fragments that constitute a genomic DNA library are 
individually introduced into plants when the functions of 
these fragments are unknown. 

[0024] It is also known that the use of a genomic clone 
sometimes results in a higher gene expression than when the 
corresponding cDNA clone is used. As a matter of fact, 
when a genomic fragment harboring a certain gene (maize 
phosphoenolpyruvate carboxylase) was introduced into a 
plant (rice), an extremely high-level expression of the 
foreign gene was observed (Ku et al. Nature Biotechnol. 
17:76-80, 1999). Other reports relate to experiments in 
which three 40-80 kb genomic clones from Arabidopsls were 
individually transferred back into Arabidopsls (Liu et al. 
Proc Natl Acad Sci US A 96:6535-6540, 1999; Shibata and 
Liu Trends in Plant Sci 5:354-357, 2000). Two of the 
clones were introduced into an Arabidopsls line that had 
lost gravitropism due to mutation at the locus contained in 
those clones and the recovery of the normal gravitropic 



response was confirmed. 
[0025] 

The above findings suggest that genes in organisms, in 
particular, genes in multi-cell organisms are controlled 
with regard to their expression level in a complex way by 
temporal and spatial distributions of the genes in the 
organisms and environmental conditions such as external 
stimuli; in other words, the importance of a particular 
gene is determined by the time and extent of its expression 
as well as by the tissue and cell in which it is expressed, 
and the timing of its expression. Thus, in order to 
unravel gene functions including these sophisticated gene 
regulations, the promoter, intron, enhancer, structural 
gene, splicing site and all other extensive gene expression 
regulating factors that are contained in the genomic 
fragment of the particular gene must be clarified. 
However, this task requires a considerable amount of labor 
and time, making it difficult to unravel the interaction 
between many genetic factors 
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DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0026] The present invention provides a method by which a 
large number of genomic DNA fragments capable of providing 
plants with an agriculturally advantageous phenotypic 
variation are efficiently screened and prepared as cloned 
DNA fragments. 

[0027] The present invention also provides a method by 
which genomic DNA fragments that improve the expression of 
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a trait whose expression is improved by more than one 
genetic factor are screened and prepared with high 
efficiency. 

[0028] The present invention also provides a method- for 
efficiently screening and preparing a large number of 
genomic DNA fragments, that can improve traits that are 
expressed in heterosis or quantitative traits, as cloned 
DNA fragments. 

[0029] The present invention also provides a method for 
efficiently screening and preparing genomic DNA fragments 
capable of providing plants with a potentially 
agriculturally advantageous phenotypic variation, wherein 
the method does not require the great number of steps that 
are unavoidable in conventional techniques such as Fi 
hybrid breeding, as exemplified by breeding and improving 
the breeding population, breeding of a inbred line, 
performance test on general combining ability, performance 
test on specific combining ability and the selection of Fi 
variety and each of which requires a great length of time. 
[0030] The present invention also provides a method for 
efficiently screening and preparing genomic DNA fragments 
capable of providing plants with a potentially 
agriculturally advantageous phenotypic variation by 
selecting superior individuals solely on the basis of the 
phenotype of the recipient plant into which the genomic DNA 
fragments have been introduced even if there is little 
information available about the mechanism of trait 
expression or about the individual of genes expressing the 
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trait . 

[0031] The present invention also provides a method for 
efficiently screening and preparing genomic DNA fragments 
enabling expression of a trait similar to that of an 
improved trait which occurs in heterosis (hereunder 
referred to as "heterosis-like expression") not only in 
plant varieties of the same species but also in plant 
varieties of different species. 

[0032] The present invention also provides a method for 
efficiently screening and preparing a large number of 
genomic DNA fragments enabling heterosis-like expression in 
a short period without requiring a great amount of time and 
labor . 

[0033] The present invention also provides a process for 
producing a plant having a potentially agriculturally 
advantageous phenotypic variation by transforming a plant 
with a genomic DNA fragment capable of providing it with a 
potentially agriculturally advantageous phenotypic 
variation or a genomic DNA fragment capable of inducing 
heterosis-like expression, both being prepared by the 
method of the present invention, as well as the plant 
produced by that process. 

[0034] The present invention also provides a method for 
breeding a plant having a potentially agriculturally 
advantageous phenotypic variation by using as a marker 
either all or part of genomic DNA fragment capable of 
providing a plant with a potentially agriculturally 
advantageous phenotypic variation or genomic DNA fragment 



- 16 - 

capable of inducing heterosis-like expression, both being 
prepared by the method of the present invention, as well as 
the plant produced by that method. 
[Description of Terms] 

In the present specification, "an agriculturally 
advantageous phenotypic variation" is "a phenotypic 
variation which causes a quantitative increase or decrease 
of a plant or a part of a plant, or an increase or decrease 
in growth rate of a plant or a part of a plant, in 
particular, in a cultivated plant species and/or an 
ornamental plant species under conditions of cultivation 
that are normal or favorable to the plant or under 
conditions which are somewhat stressful to the plant". The 
conditions that are stressful include the salinity of the 
growing site, high temperature, cold temperature, drought, 
diseases, pests, etc. 

[0035] This is because such phenotypic variation gives 
rise to the trait of high yield if fruit, foliage, etc. 
increase under normal conditions of cultivation, while if 
the plant does not die under conditions where stress as 
from diseases and pests is imposed and its fruit, foliage, 
etc. increase as compared to the control plant, the 
phenotypic variation means resistance to the stress as from 
diseases and pests. The constituents of the plant, the 
enzymes contained in the plant, etc. are of course 
encompassed by the term "part of the plant". A decrease in 
the size of the entire plant or a part of the plant is 
often agriculturally beneficiary since dwarf plants are 



bred actively and cultivated widely. 

[0036] Therefore, the concept of "a phenotypic variation 
which causes a quantitative increase or decrease of a plant 
or a part of a plant or an increase or decrease in growth 
rate of a plant or a part of a plant under certain 
conditions of cultivation" encompasses agriculturally 
advantageous phenotypic variations including, for example, 
higher vigor of the entire plant, larger plant and organs, 
higher yield, rapid growth, greater resistance to diseases 
and pests, greater resistance to various environmental 
stresses including drought, high temperature and cold 
temperature, increase or decrease in a specific component, 
increase or decrease in a specific enzymatic activity, and 
dwarfing, and so on. 

[0037] In addition, the production of disease-free 
seedlings using tissue culture technology is also an 
important technology in agriculture, so it goes without 
saying that an improvement in the growth of cells in tissue 
culture is also an agriculturally advantageous phenotypic 
variation. 

[0038] In the present invention, the term "screening or 
selection" shall also include the case where, after being 
subjected to a certain process of selection, the number of 
individual plants in a given population becomes zero, 
namely the case where the population proves to include no 
plant that complies with the criterion for selection. This 
is because, after such a selection, one can avoid inputting 
further labor and resources to the investigation of that 
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population by knowing that a given population does not 
include any plants that comply with the criterion for 
selection . 

Means for Solving the Problems 

[0039] The present invention provides a method for 
screening genomic DNA fragments capable of providing plants 
with a potentially agriculturally advantageous phenotypic 
variation by the following steps (1) to (4) and optionally 
step ( 5 ) . 

[0040] (1) First, genomic DNA fragments are isolated from 
a plant by a conventional method, subjected to partial 
restrictive degradation and, after size fractionation, a 
genomic DNA library is constructed in the usual manner. 
[0041] The plant as a donor of genomic DNA fragments is 
not limited in any particular way and preferred examples 
are plants that can produce heterosis by crossing with the 
plant as a recipient of the genomic DNA fragments. For 
example, if the recipient plant is Japonica rice, Oryza 
rufigopon , which is a wild rice, and Indica rice are 
preferred. If the recipient plant is a variety of maize, 
another variety of maize and teosinte, a wild species, are 
preferred examples of the donor plant. Generally, a 
greater extent of heterosis is observed in plants of more 
distant relationship. Heretofore, distant relationship 
impedes crossing, so it has been impossible to use 
heterosis from the combination with a plant of distant 
relationship; on the other hand, in the method of the 
present invention, genomic DNA fragments from a donor plant 
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that cannot be used for crossing can easily be used, so 
even plants of distant relationship can be used as 
preferred donor plants. 

[0042] Various vectors can be used as cloning vectors in 
constructing genomic libraries. Preferably, vectors that 
can be directly used in transformation of the recipient 
plant may be employed. For example, in order to transform 
rice, tobacco, Arabidopsis , etc. pSB200 and pCLD04541 (Tao 
and Zhang Nucleic Acid Res 26:4901-4909, 1998) may be used, 
and to transform maize, pSB25UNpHm may be used. 
[0043] In the case of single-locus heterosis, the DNA 
fragments to be cloned may be of a sizes sufficient to 
contain at least one gene; however, in order to include the 
individual genes present in the genome and the regions 
required for regulating their expression, sizes of at least 
1 kb are preferred, with sizes of at least 10 kb being more 
preferred, at least 20 kb being particularly preferred, and 
30-40 kb being most preferred. Whichever the case, there 
is no particular upper limit on the size of the DNA 
fragments as long as they can be introduced into cloning 
vectors. Methods of partial restrictive degradation for 
obtaining such DNA fragments are known. The total number 
of clones that constitute a genomic DNA library, namely, 
the size of the library is preferably large enough to 
include as many genes in the plant genome as possible. 
Various enzymes may be used to effect partial restrictive 
degradation. For performing less deviated degradation, the 
use of 4 -base recognizing restriction enzymes, such as. 



- 20 - 



Mbol and TaqI , is desirable. Methods for determining 
appropriate conditions for degradation are known and 
detailed disclosures may be found in Molecular Cloning, A 
Laboratory Manual, Third Edition, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, New York, 2001. 
[0044] Theoretically, the total number of clones for 
ensuring that a given genomic fragment is contained in a 
genomic DNA library of interest with a certain probability 
is calculated by the following formula: 
[0045] N = ln(l-P)/ln(l-f ) 

( where 

P is the probability that the given genomic fragment is 
contained in the genomic DNA library of 
interest ; 

f is the ratio of "the average length of the genomic 
fragments contained in the clones" to "the genome size of 
the original plant"; 

N is the total number of the genomic clones). 
[0046] For example, in the case of a rice genomic DNA 
library, if the probability that a given genomic fragment 
is contained in the genomic DNA library is 70% and the 
average fragment length of the genomic DNA library is 
40 kb, the formula goes like this: 

N = ln(l-0.7)/ln[l-(40 x 10 3 /430 x 10 6 )] = 1.3 x 10 4 
Hence, 13,000 clones are required. 

[0047] The above calculation is simply intended to 
illustrate the significance of handling a large number of 
clones and it is in no way intended to show that a similar 
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number of genomic clones must invariably be handled. 
Hence, it is possible that a smaller number of clones are 
investigated and yet at least one of the fragments under 
search may be found in those clones with considerably high 
probability, if more than one genomic DNA fragments in the 
genomic DNA library can provide plants with a potentially 
agriculturally advantageous phenotypic variation. 
[0048] If the size of genomic fragments contained in 
individual clones is large, a smaller number of genomic 
fragments need to be investigated to acquire the fragments 
under search. On the other hand, if the genomic fragment 
size is small, subsequent handling steps such as cloning 
are easy to perform and the efficiency of transfer into the 
plant through transformation is also high. Factors such as 
the genome size of the plant to be handled and the scale of 
the experiment are determined after comprehensive review. 
[0049] When handling a plant of larger genome size, one 
may advantageously use a technique that involves excluding 
methylated DNA fragments to increase the probability of DNA 
fragments containing expressible genes. Plants of larger 
genome size are believed to contain many unwanted DNAs that 
do not function as a gene and it is said that such DNAs are 
often methylated. Methods for biochemically removing 
methylated DNAs are known and removal of methylated DNAs is 
also possible if cloning is performed using E. coll having 
an ability to remove methylated DNAs (WO 00/50587). 
[0050] After constructing the genomic DNA library, part of 
the clones that constitute the library are incorporated 



into E. coll for cultivation. The number of colonies that 
appear (in the case of a plasmid or cosmid vector) or 
plaques (in the case of a phage vector) is counted and on 
the basis of their counts, the total number of clones in 
the library is estimated. In addition, DNA is prepared 
from part of the colonies or phages that appeared, and the 
size of the cloned DNA fragments is measured to estimate 
the average fragment length. 

[0051] (2) Genomic DNA that is contained in each of the 
clones that constitute the library is individually 
introduced into a plant . 

[0052] If vectors that can be directly used in 
transformation of plants, such as pSB200, pCLD04541 and 
pSB25UNpHm, are employed, the individual clones may 
directly be subjected to an experiment of transformation. 
Otherwise, all or part of the DNA fragments contained in 
each clone may be transferred to a transformation vector 
before an experiment of transformation. 

[0053] The donor plant to be used in transformation may be 
of a different species from the plant from which the 
genomic DNA is derived; alternatively, it may be a 
different variety of the same species or the same variety 
of the same species. Preferred examples of plants cover a 
substantially unlimited wide range including cereal plants 
such as rice, barley, wheat and maize, plants for producing 
luxuries such as coffee, cocoa, tea and tobacco, 
vegetables, fruits and ornamental plants such as flowers. 
[0054] Transformation may be effected by any existing 
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methods . Known examples are biological transfer such as 
Agrobacterl iun-mediated method, physical transfer such as 
microinjection, electroporation , particle bombardment, 
silicon carbide method and air injection, and chemical 
transfer such as polyethylene glycol method. By 
transformation, the genomic DNA is incorporated into the 
genome of the recipient plant. 

[0055] According to the present invention, it has been 
found that it is not just one genomic DNA fragment that is 
obtained from a single plant genomic library and which can 
induce heterosis -like expression. Hence, in order to 
select a greater number of genomic fragments, it is 
desirable that as many genomic fragments as possible are 
individually introduced into a plant. In the screening 
method of the present invention, a certain preliminary step 
of selection may be included; however, in order to 
eliminate any deviation to occur in the chosen candidate 
fragments, it is desirable that the genomic DNA fragments 
to be introduced into the plant are not subjected to such a 
preliminary selection step before they are introduced into 
the plant . 

[0056] Note that in the present invention, there is no 
need to have information about the genomic DNA fragments to 
be introduced, in particular, the phenotype with which said 
genomic DNA fragments are associated in the original plant. 
This is because it is not until the phenotype of the 
transgenic plant is selected that a useful genomic DNA 
fragment is specified . 



[0057] Referring to each of the genomic clones to be 
introduced into the plant, at least part of them are 
amplified and/or stored. Storage may be performed by 
conventional methods in the form of purified DNA or 
bacterium (e.g. E. coli) , yeast, etc. that contain the 
genomic clones . 

[0058] (3) The transgenic plant into which the genomic 
fragments have been introduced are regenerated to a 
complete plant and cultivated. 

[0059] The regenerated transgenic plants and their progeny 
plants are evaluated for various agriculturally 
advantageous traits including, for example, the vigor of 
the overall plant, the size and weight of the plant and 
individual organs, yield, growth rate, resistance to 
diseases and pests, resistance to various environmental 
stresses including drought, high temperature and cold 
temperature, increase or decrease in a specified component, 
and increase or decrease in a specified enzyme activity. 
Vigor means the activity of the plant taken as a whole or 
its ability to grow healthily. 

[0060] In the present invention, the traits to be 
evaluated are independent of the characteristics of the 
plant which is a donor of the genomic DNA fragments and the 
genomic DNA fragments that are introduced and there is no 
limitation at all as long as they are agriculturally useful 
traits. Preferred are quantitative traits and traits that 
can be improved by heterosis, and more preferred are traits 
which prove agriculturally useful when the donor plant is 
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regarded as the object to be bred. 

[0061] After the evaluation test, those plants which are 
found to have exhibited a phenotypic variation compared 
with the plant into which none of the genomic fragments 
were introduced are selected. For example, one can select 
plants that show higher vigor of the overall plant, larger 
and heavier plant and individual organs, higher yield, 
rapid growth, greater resistance to diseases and pests, 
greater resistance to various environmental stresses 
including drought, high temperature and cold temperature, 
increase or decrease in a specified component, increase or 
decrease in a specified enzyme activity, etc. as compared 
with the plant into which none of the genomic fragments 
were introduced. The phenotypic variations to be selected 
for each trait are not limited to one direction. Consider, 
for example, the trait of dwarf ness; it is an important 
agricultural trait that serves as a goal of breeding 
various crops, so as for the size of the plant and 
individual organs, plants that have become smaller than the 
plant into which none of the genomic fragments were 
introduced can be selected. This is also true with other 
traits . 

[0062] Many of these traits are so-called quantitative 
traits and are greatly affected not only by genetic factors 
but also by environmental factors. Even in the case of the 
plant into which genomic fragments were not introduced, 
values of measurement show a distribution with some 
dispersion due, for example, to environmental factors. 
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According to the present invention, in a population of 
plants into which genomic DNA fragments were randomly 
introduced, the distribution of measured values is expected 
to become broader if there exist genomic DNA fragments that 
bring about a phenotypic variation . By selecting the 
plants that present the values of measurement located at 
one or both ends of the distribution, one can obtain a 
smaller population including plants that contain genomic 
DNA fragments that bring about a phenotypic variation. 
[0063] The thus obtained plant or each of the plants in a 
smaller population may be subjected to the evaluation of 
progeny plants and, further, to a repeated investigation of 
various traits, thereby evaluating the characteristics of 
the trait or traits that were found to have been expressed 
as a phenotypic variation, the mode of inheritance and the 
correlation with other traits; in addition, detailed 
evaluation can be made from the viewpoints of molecular 
biology, genetics, biochemistry and plant physiology. 
After various evaluations, the plant or plants may be 
agriculturally used as a novel variety. If a plant showing 
greater superiority in traits is obtained from those 
plants, the genomic DNA fragment introduced into that plant 
may be chosen as more valuable genomic DNA fragment . 
[0064] In that case, the introduced genomic DNA fragment 
can be easily analyzed and acquired by conventional cloning 
methods . 

[0065] (4) As mentioned before, the genomic DNA fragment 
introduced into the selected plant is separately stored as 
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a genomic clone and the required amount can be produced by 
amplification in E. coll using a cloning vector or by 
biochemical amplification methods such as PCR and LAMP. 
Using such an amplified genomic DNA fragment, determination 
of the nucleotide sequence, analysis of the contained 
genes, intron and other genetic elements, etc, can be 
performed in detail. Since the genomic fragment can be 
introduced into any plants using known transformation 
techniques , the fragment can be utilized in variety 
improvement of a plant of dissimilar species from the plant 
of origin of the genomic DNA fragment, in improvement of a 
different variety of a plant of the same species, and in 
the breeding of the same variety of a plant of the same 
species . 

[0066] (5) If necessary, all or part of the thus selected 
genomic DNA fragment may be re- introduced into a plant of 
the same or dissimilar species and subjected to similar 
evaluations, thereby effecting a step of secondary 
screening. In this case, transformation may be performed 
using the same cloning vector as employed in step (2) or by 
using a different cloning vector. If a different cloning 
vector is employed, the genomic DNA fragments selected in 
step (4) will be subcloned into the vector. The 
restriction sites to be used for cloning in the cloning 
vector differ from one cloning vector to another, so 
depending on what restriction enzymes are to be used, it is 
sometimes appropriate to perform subcloning of only part of 
the genomic DNA fragment selected in step (4). Further, 
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the size of DNA fragments that can be cloned varies with 
the cloning vector or the method .of cloning and for this 
reason, too, it is sometimes appropriate to perform 
subcloning of only part of the genomic DNA fragment. One 
of the advantages that result from using only part of the 
DNA fragment to perform the step of secondary screening is 
that if the transformation using only certain part of the 
DNA fragment shows that the result is the same as what was 
obtained by using all of the DNA fragment, it becomes clear 
that a certain part of the genomic DNA fragment selected in 
step (4) is unwanted. The transgenic plants obtained by 
the secondary transformation and their progeny plants are 
evaluated for various agriculturally advantageous traits 
including, for example, the vigor of the overall plant, the 
size and weight of the plant and individual organs, yield, 
growth rate, resistance to diseases and pests, resistance 
to various environmental stresses including drought, high 
temperature and cold temperature, increase or decrease in a 
specified component, and increase or decrease in a 
specified enzyme activity. 

[0067] After the evaluation test, the genomic DNA 
fragments that gave rise to plants which exhibited a 
phenotypic variation compared with the plant into which 
none of the genomic fragments were introduced can create a 
preferred phenotypic variation in plants irrespective of 
the conditions for cultivation in the step of primary 
screening, the plant species, etc. and can be selected as a 
particularly preferred genomic DNA fragment. Again, as in 
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the step of primary screening, one can select in the steps 
of secondary and subsequent screenings those plants which 
show higher vigor of the overall plant, larger and heavier 
plant and individual organs, higher yield, rapid growth, 
greater resistance to diseases and pests, greater 
resistance to various environmental stresses including 
drought, high temperature and cold temperature, increase or 
decrease in a specified component, increase or decrease in 
a specified enzyme activity, etc. as compared with the 
plant into which none of the genomic fragments were 
introduced . 

[0068] The selected plants may be subjected to the 
evaluation of progeny plants and, further, to a repeated 
investigation of various traits, thereby evaluating the 
characteristics of the trait or traits that were found to 
have been expressed as a phenotypic variation, the mode of 
inheritance and the correlation with other traits. After 
various evaluations, the plants may be agriculturally used 
as a novel variety. 

[0069] Secondary screening provides a genomic DNA fragment 
that has been verified to be capable of providing a plant 
with an agriculturally advantageous phenotypic variation 
even if it is introduced again into the plant, as well as a 
genomic DNA fragment that has been also verified to be 
capable of providing another plant with an agriculturally 
advantageous phenotypic variation. Hence, more valuable 
genomic DNA fragments will be chosen than when only the 
primary screening is applied. 
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[0070] This step of selection can be repeated as many 
times as one likes, to yield even more valuable genomic DNA 
fragments . 

[0071] The transcripts of the genes contained in the 
selected genomic DNA fragment and cDNAs derived from the 
fragments may be analyzed and the characteristics of the 
genes deduced from the nucleotide sequences of the genomic 
DNA fragment may be analyzed in detail and comprehensively, 
as a result of which one can obtain findings that are 
useful in deducing the genetic functions contained in the 
genomic DNA fragment and unraveling the mechanism of 
inducing heterosis . 

[0072] While the foregoing description of the present 
invention centers on the method of screening genomic DNA 
fragments, it also provides the thus selected genomic DNA 
fragments which are capable of providing plants with an 
agriculturally advantageous phenotypic variation, as well 
as a plant conferred with the agriculturally advantageous 
phenotypic variation by transformation with said genomic 
DNA fragment . Various methods are already known for 
introducing a specified DNA fragment into plant cells or a 
plant tissue, forming calli from the cells or tissue, 
cultivating the calli and causing them to regenerate into a 
complete plant. See, for example, Hiei et al. Plant J. 
.6:271-282, 1994. In some plants, the plant may be 
regenerated from transgenic cells without passing through 
noticeable callus formation and the present invention is 
also effective in that case. The regenerated plant may be 
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fixed as a variety in accordance with the method described 
in Maruta et al. Molecular Breeding 8:273-284, 2001. 
[0073] The present invention also relates to a method of 
using the genomic DNA fragment of the invention as a marker 
in the improvement of a plant variety. In other words, a 
plant having the genomic DNA fragment of the invention can 
be used to enhance the efficiency of improvement of a plant 
variety. The use of the plant for the improvement of a 
plant variety may be embodied in such a way that said plant 
serves as a donor plant introducing the genomic DNA 
fragment of the invention into another plant or as a 
parental plant for performing variety improvement through 
breeding by crossing. For instance, a plant known to have 
the genomic DNA fragment of the invention may be crossed 
with a plant variety to be improved and a genomic DNA 
preparation is prepared from the individual progeny plant; 
and subsequent steps of selecting an individual progeny 
plant that contains the genomic DNA fragment of the 
invention in said genomic DNA preparation and using a 
specific sequence information in the genomic DNA fragment 
to employ it as a marker are known procedures , as typically 
described in Komori et al. Euphytica 129:241-247, 2003. 
Speaking further of use as a marker, the whole genomic DNA 
fragment may be employed as a marker or, alternatively, if 
part of said genomic DNA fragment contains a characteristic 
sequence, the sequence of that part may be used as a 
marker . 

[0074] The genomic DNA fragments according to the present 



invention include isolated, biologically active DNA and RNA 
that hybridize under low or high stringency conditions to 
the nucleotide sequences of the genomic fragments obtained 
by the methods disclosed in the present specification. 
Conditions for hybridization under high stringency may be 
exemplified by the following which are described in 
Molecular Cloning, etc.: hybridization in 0.5 M sodium 
phosphate (pH 7.2), 1 mM EDTA, 7% SDS and 1% BSA at 65°C, 
followed by washing in 40 mM sodium phosphate buffer (pH 
1.2), 1 mM EDTA, 5% SDS and 0.5% BSA at 65°C, then washing 
in 40 mM sodium phosphate buffer (pH 7.2), 1 mM EDTA and 1% 
SDS at 65°C. Conditions for hybridization under moderate 
stringency may be exemplified by the following: 
hybridization in 0.5 M sodium phosphate (pH 7.2), 1 mM 
EDTA, 7% SDS and 1% BSA at 55°C, followed by two washings 
in 40 mM sodium phosphate buffer (pH 7.2), 1 mM EDTA, 5% 
SDS and 0.5% BSA at 55°C for 15 minutes, then two washings 
in 40 mM sodium phosphate buffer (pH 7.2), 1 mM EDTA and 1% 
SDS at 55°C for 15 minutes. Alternatively, as described in 
Molecular Cloning, hybridization in 30% deionized 
formamide, 0.6 M NaCl, 40 mM sodium phosphate (pH 7.4), 2.5 
mM EDTA and 1% SDS at 42°C may be followed by two washings 
in 2XSSC and 0.1% SDS at room temperature for 10 minutes 
and one-hour washing in the same buffer at 55°C. These, 
however, are not the sole conditions that can be adopted in 
the present invention. 

ADVANTAGEOUS EFFECT OF THE INVENTION 

[0075] In the methods of the present invention for 
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screening genomic DNA fragments, it is possible to search 
for DNA fragments involved in heterosis by a new approach 
that requires no previous unraveling of the functions of 
plant genes, while such unraveling has been necessary in 
conventional methods for genome analysis as exemplified by 
a comparison with known nucleotide sequences and production 
of the cDNA function. 

[0076] In the methods of the present invention for 
screening genomic DNA fragments, DNA fragments associated 
with agriculturally useful traits are searched for by a new 
approach that does not need any information about the 
genomic DNA fragments to be introduced, in particular, the 
phenotype with which said genomic DNA fragments are 
associated in the original plant. 

[0077] In the methods of the present invention for 
screening genomic DNA fragments, there is no limit on the 
traits to be selected and choice can be made from a wide 
range of agriculturally useful traits. 
[0078] In the methods of the present invention for 
screening genomic DNA fragments, genomic DNA fragments are 
selected by the phenotype of the recipient plant, so the 
genomic DNA fragments that are chosen can be directly used 
in the breeding of the recipient plant. 
[0079] In the methods of the present invention for 
screening genomic DNA fragments, genomic DNA fragments that 
induce an effect similar to heterosis can be obtained as 
DNA fragments that are cloned and which can be easily 
introduced into a plant by transformation, so the great 
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amount of time and labor that has been required in the use 
of heterosis in classical methods of plant breeding can be 
dispensed with. 

[0080] In the methods of the present invention for 
screening genomic DNA fragments, unlike the use of 
heterosis in classical methods of plant breeding, a genomic 
fragment from one variety is introduced into another 
variety, so the reproductive barriers between the parental 
varieties do not take effect and the combination of plants 
that have impeded the conventional Fx hybrid breeding 
becomes practicable. Hence, the DNA fragments of the 
present invention can be easily introduced by 
transformation into various plants for use in breeding, 
irrespective of whether they are of the same or different 
species than the plant from which the DNA fragments 
originate; as a result, the advantages of heterosis can be 
utilized in a short period with high efficiency. 
[0081] Furthermore, unlike QTL analysis, the methods of 
the present invention for screening genomic DNA fragments 
have no need to search for loci that are involved in 
agricultural traits, so genomic DNA fragments that increase 
or decrease quantitative traits can be selected efficiently 
without requiring a considerable amount of time and labor. 
[0082] As a further advantage, the genomic DNA fragments 
of the present invention are capable of inducing heterosis - 
like expression, so if they are used as a marker in 
conventional methods of breeding by crossing, the selection 
efficiency on the progeny of crossing can be significantly 



increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0083] [Fig. 1] Fig. 1 is a genetic map of cloning vector 
pSB200. 

[Fig. 2] Fig. 2 is a genetic map of cloning vector 
pSB25UNpHm. 

[Fig. 3] Fig. 3 is a set of photographs showing some 
transgenic plant specimens selected on the basis of the 
external observation of panicle size, the number of grains 
in 'one panicle and the vigor of the plant, as compared with 
a control plant (generation: TO, number of screened lines: 
5310) . 

[Fig. 4] Fig. 4 is a graph showing the results of a 
blast resistance test of transgenic rice specimens selected 
after introducing genomic DNA fragments of Oryza ruflpogon . 

[Fig. 5] Fig. 5 is a graph showing the growth of 
leaves in transgenic rice specimens selected after 
introducing genomic DNA fragments of Oryza ruflpogon 
extended under stress. 

[Fig. 6] Fig. 6 is a graph showing the effect of the 
introduction of genomic DNA fragments on the growth of 
callus in transgenic tobacco specimens selected after 
introducing genomic DNA fragments of Oryza ruflpogon . 

[Fig. 7] Fig. 7 is a photograph showing transgenic 
rice specimens selected after introducing genomic DNA 
fragments of teosinte, as compared with a control plant. 

[Fig. 8] Fig. 8 shows sites of PCR amplification on a 
genomic DNA fragment of Oryza ruflpogon . 
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[Fig. 9] Fig. 9 is a set of photographs showing some 
examples of PCR amplification as performed on a genomic DNA 
fragment of Oryza rufipogon . 

[Fig. 10] Fig. 10 is a photograph showing 
electrophoretic patterns of restriction enzyme -cleaved 
fragments from a genomic DNA fragment of Oryza rufipogon. 

[Fig. 11] Fig. 11 is a photograph showing 
electrophoretic patterns of restriction enzyme -cleaved 
fragments from a transformation vector containing a genomic 
DNA fragment of Oryza rufipogon. 
EXAMPLES 

[0084] In the following examples, details of experimental 
procedures are, unless otherwise indicated, described in 
Current Protocols in Molecular Biology, John Wiley & Sons, 
Inc. (Supplements up to No. 59, July 2002, are included) or 
Molecular Cloning, A Laboratory Manual, Third Edition, Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, New 
York, 2001. 

Example 1. Extraction of Genomic DNA from Oryza rufipogon 
and Construction of Genomic DNA Library 

Seeds of Oryza rufipogon , an allied species of rice, 
were obtained from National Institute of Agrobiological 
Sciences and planted for cultivation in a greenhouse. From 
leaves of the plants, genomic DNA was extracted in the 
usual manner. The extracted genomic DNA was subjected to 
partial restrictive degradation with restriction enzyme 
TaqI and, thereafter, fractions of 30 kb to 50 kb were 
prepared by sucrose density gradient centrif ugation . Using 



those fractions, cloning was made at the site of cleavage 
in cosmid vector pSB200 by Nsp(7524)V (hereunder sometimes 
designated simply as NspV) to construct a genomic DNA 
library. 

[0085] The vector pSB200 was a cloning vector constructed 
from the pSBll described in Komari et al. (Plant J. 10:165- 
174, 1996). To be specific, a maize ubiquitin promoter was 
connected before a hygromycin resistance gene and the 3 1 
terminal signal of NOS gene. A Nsp(7524)V cleavage site 
was added to the construct, which was then inserted into 
pSBll thereby to construct pSB200. Using pSB200, one can 
construct a genomic DNA library having an average fragment 
length of about 40 kb. Speaking further of pSB200, it is 
also a transformation vector for higher plants and can be 
used for gene transfer into various plants with the 
hygromycin resistance gene used as a selection marker. 
[0086] Most of the DNA fragments cloned in the library had 
sizes from about 30 kb to about 50 kb and the total number 
of clones was about 80,000. The E. coll strains used were 
DH5cx and GeneHogs . 

Example 2. Transformation of Japonica Rice with the Clones 
Constituting the Oryza ruflpogon Derived Genomic DNA 
Library 

The clones constituting the genomic DNA library 
derived from Oryza ruflpogon were individually transferred 
into the Agrobacterlum strain LBA4404 (pSBl ) (Komari et al. 
1996). The method used for transfer was triparental mating 
(Ditta et al. Proc Natl Acad Sci. U.S.A. 77:7347-7351, 
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1980). The resulting Agrobacterlum carrying the clones 
were individually introduced into rice (variety: 
Yukihikari) . The method of transformation was in 
accordance with Hiei et al. (1994) and based on inoculation 
of immature embryos with Agrobacterlum. The immature 
embryos of the variety Yukihikari were obtained from plants 
cultivated in a greenhouse after sowing grains of 
unpolished rice marketed for food, or from their progeny 
plants cultivated in the greenhouse. 

[0087] As a result, transgenic plants were obtained into 
which a total of 5310 genomic DNA fragments from the Oryza 
ruflpogon derived genomic DNA library had been individually 
introduced. For each genomic DNA fragment, 1-5 individuals 
of independent transformant plants were obtained. 
Hereinafter, the transgenic plants of the current 
generation will be referred to as TO generation plants and 
their progeny as Tl generation, T2 generation and so on, 
according to the general rule. 

[0088] If these results are substituted into the formula 
set forth above, 5310 = ln( 1-P) /ln[ 1- ( 40 x 10 3 /430 x 10 6 )] 
and, hence P=0.39. Therefore, the probability that a given 
Oryza rufipogon derived genomic DNA fragment is contained 
in those 5310 genomic DNA fragments is 39%. 

Example 3. Evaluation of Japonica Rice Transformed with the 
Genomic DNA Fragments from the Oryza rufipogon Derived 
Genomic DNA Library and Selection of Plants that exhibited 
Phenotypic Variation 

The transgenic plants were cultivated in a greenhouse 
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and the respective individuals were investigated for the 
vigor of the plant taken as a whole, plant length, relative 
growth rate, number of panicles, shoot weight, panicle 
weight, panicle length, number of fertile grains, and 
yield. In the present specification, relative growth rate 
refers to the amount of daily growth per unit plant length 
and is determined by the formula: ((plant length at the day 
the investigation was completed minus plant length at the 
day the investigation was started) /the period of 
investigation in days) /plant length at the day the 
investigation was started. After the investigation, the 
plants that were found to have exhibited a phenotypic 
variation in any trait as compared with the control plant 
were selected. Tables 1 to 6 and Fig. 3 show the selected 
plant specimens and the names conferred to the genomic DNA 
fragments that were introduced. In those specimens, more 
than one of the transf ormants into which the same genomic 
fragment had been introduced showed a similar phenotypic 
variation and hence were selected. For each genomic 
fragment, the average of the measured values for the 
. selected plants is listed. The plants that were selected 
on the basis of the external observation of the vigor of 
the plant taken as a whole also had, in many cases, 
exhibited a variation in a certain numeric value of 
measurement . Each of the specimens shown below was 
selected on the basis of the vigor of the plant taken as a 
whole and a certain numeric value of measurement . 
[0089] In the following cases, the distribution of 
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measured values for the control plant was fit to a normal 
distribution. The control plant was rice (Yukihikari) that 
was transformed with GUS gene. In accordance with the 
normal distribution and on the hypothesis that the 
introduced fragments were not effective, the probability 
that a line showing the values of measurement for the 
selected transgenic plant lines would appear was 
calculated. In each case, the probability of appearance 
among the screened lines was extremely small and the 
expected value for the appearance of those selected lines 
was by far smaller than 1.0. Therefore, the hypothesis for 
the non-effectiveness of the introduced fragments was 
rejected and it was statistically demonstrated that the 
selected lines showed a significant phenotypic variation. 
[0090] [Table 1] 

Transgenic plant specimens selected on the basis of plant length and 
the overall vigor of the plant at day 14 after transplantation, as 
compared with the control plant (generation: TO, number of screened 
lines: 846) 





Genomic DNA 

f ragemt 
introduced 


Number of 
individuals 
investigated 


Average of 
measured 
values 


Probabi 1 i ty* 


Remarks 


Selected 

transgenic 

plant 


A029B04 
(SEQ ID N0:1 
SEQ ID NO: 2) 


5 


38.8 


0.000007 


Average for 
independent 
transgenic 
plants 


Selected 

transgenic 

plant 


A028C04 
(SEQ ID NO: 3 
SEQ ID NO: 4) 


4 


39 


0.00003 


Control plant 




311 


28.2 




SD: 7.58 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 
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[0091] [Table 2] 



Transgenic plant specimens selected on the basis of plant length and the overall vigor of the 
plant at day 21 after transplantation, as compared with the control plant (generation: TO, 
number of screened lines: 931) 





Genomic DNA 
fragment 
introduced 


Number of 
individuals 
investigated 


Average of 
measured 
values 


Probabi 1 i ty* 


Remarks 


Selected 

transgenic 

plant 


A029B04 
(SEQID NO: 1 
SEQ ID NO: 2) 


5 


50.6 


0.0003 


Average for 
independent 
transgenic 
plants 


Selected 

transgenic 

plant 


A028C04 
(SEQ ID NO: 3 
SEQ ID NO: 4) 


4 


52 


0.0003 


Selected 

transgenic 

plant 


A048F12 
(SEQ ID NO: 5 
SEQ ID NO: 6) 


5 


51.8 


0.0008 


Control plant 




336 


42. 7 




SD: 8.58 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[0092] [Table 3] 



Transgenic plant specimens selected on the basis of relative growth rate and the overall 
vigor of the plant from day 14 to day 21 after transplantation, as compared with the control 
plant (generation: TO, number of screened lines: 841 





Genomic DNA 
fragment 
! introduced 


Number of 
individuals 
investigated 


Average of 
measured 
values (cm) 


Probabi 1 i ty* 


Remark 


Selected 

transgenic 

plant 


A049A01 
(SEQ ID NO: 7 
SEQ ID NO: 8) 


1 


0.224 


0.00002 


Average for 
independent 
transgenic 
plants 


Selected 

transgenic 

plant 


A046A06 
(SEQ ID NO: 9 
SEQ ID NO: 10) 


3 


0. 136 


0.00006 


Selected 

transgenic 

plant 


A045B09 

(SEQ ID NO: 11 

SEQ ID NO: 12) 


3 


0. 141 


0.00007 


Control plant 




306 


0.076 




SD: 0.036 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 
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[0093] [Table 4] 



Transgenic plant specimens selected on the basis of shoot weight and the overall vigor of 
the plant in the stage of maturity, as compared with the control plant (generation: TO, 
number of screened lines: 1 464) 





Genomic DNA 
fragment 
introduced 


Number of 
individuals 
investigated 


Average of 
measured 
values (g) 


Probabi 1 i ty* 


Remark 


Selected 

transgenic 

plant 


A049A07 

(SEQ ID NO: 13 

SEQ ID NO: 14) 


5 


6.24 


0.0000005 


Average for 
independent 
transgenic 
plants 


Selected 

transgenic 

plant 


A040D06 

(SEQ ID NO: 15 

SEQ ID NO: 16) 


5 


6.4 


0.0000002 


Selected 

transgenic 

plant 


A048F12 
(SEQ ID NO: 5 
SEQ ID NO: 6) 


5 


6.33 


0.0000007 


Control plant 




558 


3.56 




SD : 1.78 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[0094] [Table 5] 



Transgenic plant specimens selected on the basis of ear weight and the overall vigor of the 
plant at day 14 after transplantation, as compared with the control plant (generation: TO, 
number of screened lines: 1464 





Genomic DNA 
fragment 
introduced 


Number of 
individuals 
investigated 


Average of 
measured 
values (g) 


Probabi 1 i ty* 


Remark 


Selected 

transgenic 

plant 


A036A03 

(SEQ ID NO: 17 

SEQ ID NO: 18) 


5 


0.98 


0.00005 


Average for 
independent 
transgenic 
plants 


Selected 

transgenic 

plant 


A051E08 

(SEQ ID NO: 19 

SEQ ID NO: 20) 


3 


1. 17 


0.00001 


Selected 

transgenic 

plant 


A023D09 

(SEQ ID NO: 21 

SEQ ID NO: 22) 


2 


1.31 


0.00009 


Control plant 




558 


0.55 




SD : 0.30 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 
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[0095] [Table 6] 



Transgenic plant specimens selected on the basis of ear length and the overall vigor of the 
plant, as compared with the control plant (generation: TO, number of screened lines: 1464) 





Genomic DNA 

f raffnipn t 
introduced 


Number of 

i nd i v i Hn a 1 s 

1 llu 1 V lUUolo 

investigated 


Average of 

LUC do Ul CU 

values (cm) 


Probabi 1 i ty* 


Remark 


Selected 

transgenic 

plant 


A030B02 

(SEQ ID NO: 23 

SEQ ID NO: 24) 


5 


14. 4 


0.00005 


Average for 
independent 
transgenic 
plants 


Selected 

transgenic 

plant 


A043F04 

(SEQ ID NO: 25 

SEQ ID NO: 26) 


5 


13. 5 


0. 00005 


Selected 

transgenic 

plant 


A049E02 

(SEQ ID NO: 27 

SEQ ID NO: 28) 


2 


15. 9 


0.00009 


Control plant 




557 


12. 3 




SD : 1.85 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[0096] The plants as the progeny of the transgenic plants 
were also cultivated and evaluated as described above. In 
the Tl generation, the individuals containing the 
introduced genomic DNA fragments were anticipated to 
segregate from the individuals containing no such fragments 
according to Mendel's first law, so investigation was made 
to check for the presence or absence of an introduced 
fragment by polymerase chain reaction (PCR) . 
[0097] Tables 7 to 9 that follow show the selected plant 
specimens and the names conferred to the genomic DNA 
fragments that were introduced. In those specimens, the 
plants that were the progeny derived from the same 
transgenic plant and in which the presence of an introduced 
fragment was verified by PCR all showed a similar 
phenotypic variation. The plants in which no introduced 



fragment was detected by PCR all failed to show a 
comparable phenotypic variation. Each of the specimens 
shown below was selected on the basis of the vigor of the 
plant taken as a whole and a certain numeric value of 
measurement . 

[0098] In the following cases, the distribution of 
measured values for the control plant was fit to a normal 
distribution. The control plant was yet to be transformed 
Yukihikari. In accordance with the normal distribution and 
on the hypothesis that the introduced fragments were not 
effective, the probability that a line showing the values 
of measurement for the selected transgenic plant lines 
would appear was calculated. In each case, the probability 
of appearance among the lines to be selected was extremely 
small and the expected value for the appearance of those 
selected lines was by far smaller than 1.0. Therefore, the 
hypothesis for the non-effectiveness of the introduced 
fragments was rejected and it was statistically 
demonstrated that the selected lines showed a significant 
phenotypic variation. 
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[0099] [Table 7] 



Transgenic plant specimens selected on the basis of plant length and the 
overall vigor of the plant at day 14 after transplantation, as compared 
with the control plant (generation: Tl, number of screened lines: 114) 





Genomic DNA 
fragment 
introduced 


Number of 
individuals 
invest igated 


Average of 
measured 
values (cm) 


Porbabi 1 i ty* 


Remark 


Selected 

transgenic 

plant 


A010C09 

(SEQ ID NO: 27 

SEQ ID NO: 28) 


7 


61. 7 


0.001 


By PCR, all 
individuals 
were ver i f ied 
to have 
incorporated 
a fragment 


Selected 

transgenic 

plant 


A011C02 

(SEQ ID NO: 31 

SEQ ID NO: 32) 


7 


62.5 


0.0001 


Selected 

transgenic 

plant 


A010B03 

(SEQ ID NO: 33 

SEQ ID NO: 34) 


5 


60.4 


0.002 


Control plant 




84 


58.5 




SD : 3. 5 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[OlOO] [Table 8] 



Transgenic plant specimens selected on the basis of plant length and the 
overall vigor of the plant at day 21 after transplantation, as compared 
with the control plant (generation: Tl,' number of screened lines: 114) 





Genomic DNA 
fragment 
introduced 


Number of 
individuals 
investigated 


Average of 
measured 
values (cm) 


Probability* 


Remark 


Selected 

transgenic 

plant 


A010C09 

(SEQ ID NO: 29 

SEQ ID NO: 30) 


7 


69 


0.001 


By PCR, all 
individuals 
were verified 
to have 
incorporated 
a fragment 


Selected 

transgenic 

plant 


A011C02 

(SEQ ID NO: 31 

SEQ ID NO: 32) 


. 6 


71 


0. 000008 


Selected 

transgenic 

plant 


A010B03 

(SEQ ID NO: 33 

SEQ ID NO: 34) 


5 


71 


0.000006 


Selected 

transgenic 

plant 


A009F06 

(SEQ ID NO: 35 

SEQ ID NO: 36) 


7 


70. 6 


0. 00003 


Selected 

transgenic 

plant 


A009E11 

(SEQ ID NO: 37 

SEQ ID NO: 38) 


5 


70.4 


0.00003 


Control 




84 


66. 1 




SD : 3.4 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 
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[0101] [Table 9] 

Transgenic plant specimens selected on the basis of relative growth rate and the overall vigor 
of the plant from day 14 to day 21 after transplantation, as compared with the control plant 
(generation: T1, number of screened lines: 1 14) 





Genomic DNA 
fragment 
introduced 


Number of 
individuals 
investigated 


Average of 
measured 
values (cm) 


Probabi 1 i ty* 


Remark 


Selected 

transgenic 

plant 


A010B03 

(SEQ ID NO: 33 

SEQ ID NO: 34) 


7 


0.032 


0.00002 


By PCR, all 
individuals 
were verified 
to have 
incorporated 
a fragment 


Selected 

transgenic 

plant 


A008B02 

(SEQ ID NO: 39 

SEQ ID NO: 40) 


7 


0.024 


0.002 


Control plant 




84 


0.018 ! 




SD : 0.007 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[0102] Example 4, Screening of Transgenic Plants On the 
Basis of Evaluation of Disease Resistance 

The Tl generation plants of transgenic lines that were 
created in Example 2 were evaluated for blast resistance in 
comparison with two control plants, untransf ormed 
Yukihikari and Koshihikari, and the plants that were found 
to have a phenotypic variation in a blast resistance 
related trait were selected. In addition, the genomic DNA 
fragments introduced into those plants were selected as 
genomic DNA fragments capable of providing plants with a 
potentially agriculturally advantageous phenotypic 
variation . 

[0103] Each line was sown in a closed-system greenhouse 
and seedlings at day 12 after sowing were transplanted for 
cultivation in a growth chamber, KOITOTRON (KOITO MFG. CO. , 
LTD. ) Nine individuals of each control variety and 5-9 
individuals per transgenic line were inoculated with 



Magnaporthe grisea , a rice blast causing pathogen, and the 
degree of the disease was evaluated to select resistant 
lines . 

[0104] Inoculum was prepared in the following way. A 
colony of Magnaporthe grisea strain TSU-01 was inoculated 
to an oatmeal-agar medium (Difco) containing 10 g/1 of 
sucrose and cultivated at 26°C in the dark for 3 weeks. 
For conidium formation, sterile distilled water (10 ml) was 
added to the plate and after cutting hyphae with a 
sterilized painting brush, cultivation was continued at 
2 5°C for 3 days under illumination. Eight milliliters of 
an LB liquid medium (Difco) diluted to one half the initial 
concentration with sterile distilled water was put into the 
plate and conidia were suspended with a sterile painting 
brush. After filtering the suspension through dual-layered 
gauze, the concentration of conidia was adjusted to about 2 
x 10 6 conidia/ml. Immediately before inoculation, Silwet 
L-77 was added to the inoculum to give a final 
concentration of 0.01%. 

[0105] Inoculation was performed by applying the inoculum, 
with a painting brush, to the topmost expanded leaves of 
the plant at day 19 after transplantation. Immediately 
after the application, the inoculated leaves were passed 
through plastic tubes, each of which was plugged with 
cotton swab at both top and bottom openings which was then 
fully wetted with distilled water. Cultivation was 
performed for one week, with light on for 14 hours at 25°C 
during the day and at 20°C during -the night. In the 
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process, the cotton swab at the openings of each tube were 
wetted with distilled water once a day. The inoculated 
leaves were cut off and the number and area of lesions were 
assessed by the following criteria for the degree of the 
disease: 0 (no symptom) to 3 (lesion spread to cover most 
of the leaves ) . 
[0106] 

In susceptible variety "Koshihikari" f a large number 
of lesions formed on many leaves . The degree of the 
disease was 1.5 on average. Compared to "Koshihikari", 
moderately blast resistant " Yukihikari" had formed fewer 
lesions and the degree of the disease was 0.8 on average. 
[0107] In Example 4, check for the presence or absence of 
an introduced fragment was made on the basis of the 
hygromycin sensitivity of laminas sampled from each 
individual. Individuals having no hygromycin resistance, 
or individuals having no introduced fragment , were removed 
as segregated individuals and comparison was made for the 
average degree of the disease on the transgenic 
individuals. Many of the transgenic lines showed a 
comparable degree of the disease to the untransf ormed 
control "Yukihikari". Data is shown below for 13 
transgenic lines. A014D1201, A020E0401, A023F0303 and 
A078C0102 showed significantly lower degrees of the disease 
than the control "Yukihikari" (Fig. 4). In particular, the 
degree of the disease on A078C0102 was zero on average, 
showing the possibility that the introduction of Oryza 
ruflpogon genomic fragments had conferred a high level of 



blast resistance . 

Example 5. Screening of Transgenic Plants On the Basis of 
Evaluation of Drought Resistance 

Of the Tl generation plants of transgenic lines that 
were created in Example 2, 4872 lines were evaluated for 
the resistance to drying stress in comparison with two 
control plants, untransf ormed Yukihikari and Sue won 287 
which had been reported as an drought resistant variety 
(and obtained from the National Institute of Agrobiological 
Sciences), and plants that were found to have a phenotypic 
variation in a trait related to the resistance towards 
drying stress were selected. Each line was sowed on 
seedling raising boxes in a closed-system greenhouse and, 
after 10 days, hygromycin resistance testing was done by 
leaf detachment to check for the presence or absence of an 
introduced fragment in each individual. Individuals that 
showed hygromycin resistance, namely, those individuals 
which were estimated to contain introduced fragments were 
planted on pots 12 cm in diameter and 10 cm high (POLYPOT 
of Tokai Kasei Co., Ltd.). For ridging, a paddy rice 
seedling raising soil (INGS) was used and a total of 8 
individuals were planted per pot, 6 of them were 
transf ormants and 2 were control plants . The number of 
individuals tested was between 12 and 18 (on 2-3 pots) per 
variety or line. Two weeks after planting (4 weeks after 
sowing), the supply of water was stopped to start the 
application of drying stress. 

[0108] After one week, the transgenic plants were 
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evaluated for their resistance to drought. Evaluation was 
made visually on each individual by 5 scores [ranging from 
0 (died) to 5 (complete recovery)]. In order to correct 
any scattering in data between pots, the score of each 
individual under test was adjusted by subtracting the score 
of Yukihikari on the same pot. On the basis of the thus 
obtained results of evaluation, the top 10% of the 
transf ormants were selected as plants containing genomic 
fragments highly likely to confer drought resistance to 
crops . 

[0109] Of the above -described transgenic plants, four 
potentially promising lines were measured for the length of 
the topmost leaf on each individual immediately before the 
drying treatment and one week after the treatment. The 
leaf length measured one week after the treatment minus the 
value measured immediately before the treatment was used as 
the amount of leaf extension of each individual under 
drying stress. After the leaf length measurement, water 
supply was resumed and after four days, the degree of 
recovery was investigated to evaluate the amount of leaf 
extension under drying stress. Evaluation was made in the 
same manner as described above, except that Yukihikari (T2) 
having only GUS gene transferred to it was added as a 
control plant. To check to see if the distribution of 
scores on each line would differ from the distribution of 
scores on Yukihikari, the Kolmogorov- Smirnov test was 
applied in analysis. On the basis of the results thus 
obtained, one of the four lines of transf ormants under test 
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was selected as a line that showed a significantly greater 
leaf extension than the control plants under drying stress 
(Fig. 5). 

Example 6. Evaluation of Maize Transformed with the Genomic 
DNA Fragments Contained in Oryza rufipogon Derived Genomic 
DNA Library and Selection of Plants Having Phenotypic 
Variation 

Transformation of maize was performed using 
Agrobacterlum containing the Oryza. rufipogon derived 
genomic fragments that were created in Example 1. 
Transformation procedures were in accordance with Ishida et 
al (2003, Plant Biotechnol. 20:57-66). The recipient 
variety was inbred A188 (available from the National 
Institute of Agrobiological Sciences). As in Example 1, a 
genomic DNA library was constructed using pSB25UNpHm as a 
vector; also created was Agrobacterlum containing the Oryza 
rufipogon derived genomic DNA fragments. Using the library 
and Agrobacterlum, transformation of maize was performed in 
the same manner as described above. As a result, 
transgenic plants were obtained into which a total of 108 
genomic DNA fragments contained in the Oryza rufipogon 
derived genomic DNA library had been individually 
introduced. The vector pSB25UNpHm was the same as the 
pSB25 described in Ishida et al. Nature Biotech 14:745-750, 
1996, except that the promoter of bar gene was replaced by 
a maize derived ubiquitin promoter and that three 
additional cleavage sites of Nsp(7524)V, I-Scel and I-Ceul 
were conferred. The vector pSB25UNpHm has a comparable 
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cloning ability to pSB200 and can be used for gene transfer 
into maize and various other plants with the bar gene used 
as a selection marker. 

[0110] Transgenic plants of the current generation (TO 
plants) were cultivated in a greenhouse as in the case of 
rice and the effectiveness of the introduced genomic DNA 
fragments was assessed by investigating the plant length at 
days 28 and 35 after transplantation, relative growth rate 
(((plant length at day 35 after transplantation minus plant 
length at day 28 after transplantation ) /7 ) /plant length at 
day 28 after transplantation) , lamina length at ear bearing 
nodes, largest ear's weight, number of grains in largest 
ear, total grain weight in largest ear, and single grain 
weight (total grain weight in largest ear divided by the 
number of grains in largest ear). In order to correct the 
seasonal unevenness in growth, the average was calculated 
for all individuals that were potted on the same day and 
analysis was made after normalizing the data by the formula 
(value of each individual - average) /average . A maize 
variety (A188) transformed with GUS gene was used as a 
control plant. Among the traits of the TO plants, the 
total grain weight in largest ear and the single grain 
weight had significantly greater variances than those of 
the control plant. This showed that the population of the 
plants into which the genomic DNA fragments had been 
introduced had a greater spread in distribution of measured 
values . 

[0111] In the following cases (Tables 10-13), the 
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distribution of measured values for the control plant was 
fit to a normal distribution. In accordance with the 
normal distribution and on the hypothesis that the 
introduced fragments were not effective, the probability 
that a line showing the values of measurement for the 
selected transgenic plant lines would appear was 
calculated. In each case, the probability of appearance 
among the screened lines was extremely small and the 
expected value for the appearance of those selected lines 
was by far smaller than 1.0. Of the 108 lines that were 
investigated for the total grain weight in the largest ear, 
5 lines had expected values smaller than 1.0. Therefore, 
the hypothesis for the non-effectiveness of the introduced 
fragments was rejected and it was statistically 
demonstrated that the selected lines showed a significant 
phenotypic variation. 

[0112] The obtained transgenic maize was cultivated in a 
greenhouse, pollinated with the pollen of the maize variety 
A188 grown in a separate greenhouse, and seeds were 
obtained. For the purpose of the present invention, the 
generation derived from those seeds is designated Tl 
generation. For this generation Tl, 5 to 8 individuals of 
each line were cultivated in a greenhouse and investigated 
for their traits. In the Tl generation, the individuals 
containing the introduced genomic DNA fragments were 
anticipated to segregate from the individuals containing no 
such fragments according to Mendel's first law, so 
investigation was made to check for the presence or absence 
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of an introduced fragment by polymerase chain reaction 
(PCR). Using PCR, one can check for the presence or 
absence of an introduced fragment (for details, see Example 
16). As the result of comparing the presence or absence of 
an improved fragment with the values of the traits 
investigated, the inventors could identify lines in each of 
which the averages of plant length and relative growth rate 
for the individuals containing the introduced genomic 
fragments were higher than those for all individuals in 
that line (Table 14). 

[0113] On the basis of the results thus obtained, the 
transgenic plants that were found to have a phenotypic 
variation in one or more traits and their progeny plants 
were selected. In addition, the genomic DNA fragments 
introduced into those plants were selected as genomic DNA 
fragments capable of providing maize with a potentially 
agriculturally advantageous phenotypic variation. 
[0114] [Table 10] 

Transgenic plant (maize) specimens selected on the basis of relative growth rate 
(generation: TO, number of screened lines: 108, data normalized due to data 
integration over more than two potting days) 





Genomic DNA 
fragment introduced 


Number of individuals 
investigated 


Average of measured 
values (as normalized) 


Probability* 


Selected 

transgenic 

plant 


A030E08 


2 


0.227 


0.00249 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 
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[0115] [Table 11] 

Transgenic plant (maize) specimens selected on the basis of largest ears weight 
(generation: TO, number of screened lines: 108, data normalized due to data integration 
over more than two potting days) 





Genomic DNA 
fragment introduced 


Number of individuals 
investigated 


Average of measured 
values (as normalized) 


Probability* 


Selected 

transgenic 

plant 


A011B09 


4 


0.480 


4.2383E-1 1 


Selected 

transgenic 

plant 


A015E08 


7 


0.482 


0.00011 


Selected 

transgenic 

plant 


A027D06 


2 


0.207 


0.00659 


Selected 

transgenic 

plant 


A033A09 


3 


0.133 


0.00843 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[0116] [Table 12] 



Transgenic plant (maize) specimens selected on the basis of total grain weight in largest 
ear (generation: TO, number of screened lines: 108, data normalized due to data integration 
over more than two potting days) 





Genomic DNA 
fragment introduced 


Number of individuals 
investigated 


Average of measured 
values (as normalized) 


Probability* 


Selected 

transgenic 

plant 


A015E08 


7 


0.501 


1.3063E-06 


Selected 

transgenic 

plant 


A011B09 


2 


0.247 


0.00127 


Selected 

transgenic 

plant 


A033A09 


3 


0.093 


0.00162 


Selected 

transgenic 

plant 


A012H12 


2 


0.279 


0.00910 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 
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[0117] [Table 13] 



Transgenic plant (maize) specimens selected on the basis of the number of grains in 
largest ear (generation: TO, number of screened lines: 108, data normalized due to data 
integration over more than two potting days) 





Genomic DNA 
fragment introduced 


Number of individuals 
investigated 


Average of measured 
values (as normalized) 


Probability* 


Selected 

transgenic 

plant 


A011B09 


4 


0.519 


1.2832E-08 


Selected 

transgenic 

plant 


A033A09 


3 


0.129 


0.00113 


Selected 

transgenic 

plant 


A015E08 


7 


0.460 


0.00186 | 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 
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Average for fragment- 
containing individuals 


I 65.75 


Average for fragment- 
containing individuals 


95.33 


Average for fragment- 
containing individuals 


98.25 


Average for fragment- 
containing individuals 


5 


Average for fragment- 
containing individuals 


0.074 


Average for fragment- 
containing individuals 


0.04 


Average for 
all individuals 


62.17 


Average for ■ 
all individuals 


90.75 


Average for 
all individuals 


92.83 


Average for 
all individuals 




Average for 
all individuals 


0.066 


Average for 
all individuals 


0.032 






i 


r- 
oo 






















+ 


CT> 


















i 




+ 


lo 


i 


CO 




LO 
G> 






t 


0.04 | 


+ 


CO 
CD 


+ 


i^* 
a> 


+ 


o 




CM 
CO 


+ 


0.08 


i 


0.02 


+ 


r- 

CO 




C7i 


+ 




+ 


CO 


i 


0.05 


+ 


0.04 


+ 


co 


i 


CM 
OO 


+ 


LO 


+ 


00 


i 


0.05 


+ 


0.04 


+ 


co 


i 


LO 
CO 


+ 


O 


+ 


oo 


+ 


0.08 


i 


0.03 




CO 
CO 


i 


o> 

CO 


i 


00 
00 




LO 

o 


+ 


0.06 


i 


0.02 


fragment* 


(cm) 


fragment* 


(cm) 


fragment* 


(cm) 


fragment* 


(cm) 


fragment* 




fragment* 




A019D09 


A010A11 


A019D09 


A019D09 


A019A06 


A014A12 


Plant length 

at week 4 


Plant length 
at week 5 


Plant length 
at week 5 


Plant length 
at week 6 


Relative growth 
rate 

at weeks 4-5 


Relative growth 
rate 

at weeks 5-6 
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[0119] Example 7 . Evaluation of Tobacco Transformed with 
the Genomic DNA Fragments Contained in Oryza ruflpogon 
Derived Genomic DNA Library and Selection of Plants Having 
Phenotypic Variation 

Transformation of tobacco was performed using 
Agrobacterlum containing the Oryza ruflpogon derived 
genomic DNA fragments that were created in Example 1. 
Transformation procedures were in accordance with Komari 
(Theor Appl Genet. 80:167-171, 1990). The recipient 
variety was SRI (Kodama et al. Plant Physiol 105:601-605, 
1994). 

[0120] The weight of calli produced from the transformed 
tobacco cells was measured to investigate how the growth of 
calli would be influenced by the Oryza ruflpogon derived 
genomic DNA fragments . Tobacco leaves were bored through 
with a cork borer to prepare lamina disks, which were used 
in transformation. The control was disks of tobacco lamina 
that had been transformed with vector pSB134 having only 
the hygromycin resistance gene and the GUS gene. 
Agrobacterium was inoculated with those genomic DNA 
fragments, cultivated on a medium for 20 days, and the 
weight of each lamina disk with callus formation was 
measured. As Fig. 6 shows, genomic DNA fractions could be 
selected that showed more active callus growth than the 
control . 

[0121] The transgenic plants and their progeny were 
cultivated in a greenhouse as in the case of rice and maize 
and the effectiveness of the introduced genomic DNA 
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fragments was assessed by investigating the vigor of the 
plant taken as a whole, plant length, relative growth rate, 
number of leaves, leaf length, leaf width, leaf weight, 
shoot weight, yield, drought resistance, salt tolerance, 
and disease resistance. The transgenic plants that were 
found to have a phenotypic variation in one or more of the 
traits listed above and their progeny were selected. In 
addition, the genomic DNA fragments introduced into those 
plants were selected as genomic DNA fragments capable of 
providing tobacco with a potentially agriculturally 
advantageous phenotypic variation. 

[0122] The thus selected 14 lines of transgenic plant were 
acclimatized and potted on 4-inch pots, then cultivated in 
a greenhouse as in the case of rice and maize, and 
investigated for the length of largest leaf (2 and 3 weeks 
after potting), natural plant height (3 weeks after 
potting), and culm length. The tobacco variety SRI 
transformed with GUS gene was used as a control plant. As 
it turned out, many of the transgenic individuals were 
superior to the control plant in the length of largest leaf 
at week 2 after potting (x 2 test, P=0. 00012). 
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[0123] [Table 15] 

Frequency distribution of lamina length of largest transgenic plant (tobacco) leaf 
at week 2 after potting 



Range of lamina length of 






largest leaf 


No. of individuals 






Genomic fragment 






containing transgenic pilants 


Control 


0-17 cm 


218 


22.673* 


18- cm 


14 


5.23* 



* refers to expected value as determined from the actual segregation ratio 



[0124] In the following cases (Tables 16-18), the 
distribution of measured values for the control plant was 
fit to a normal distribution. In accordance with the 
normal distribution and on the hypothesis that the 
introduced fragments were not effective, the probability 
that an individual showing the values of measurement for 
the selected transgenic plant individuals would appear was 
calculated. In each case, the probability of appearance 
among the individuals to be screened was extremely small 
and the expected value for the appearance of those selected 
individuals was by far smaller than 1.0. Therefore, the 
hypothesis for the non-effectiveness of the introduced 
fragments was rejected and it was statistically 
demonstrated that the selected individuals showed a 
significant phenotypic variation. 
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[0125] [Table 16] 

Specimens of transgenic plant (tobacco) selected on the basis of the length of largest leaf 
at week 2 after transplantation as compared with control plant (generation: TO, No. of 
individuals to be screened: 172, calculation made on the basis of the upper 70% distribution 
of control plant) (individuals of low rooting ability would distort the distribution, so the lower 
30% was excluded) 





Genomic DNA 
fragment introduced 


Measured 
value 


Probability* 


Selected transgenic plant 


A010C09 


15.7 


0.02738 


Selected transgenic plant 


A011C02 


16.5 


0.00964 


Selected transgenic plant 


A009E1 1 


17 


0.00463 


Control plant (upper 70%) 




Average 12.03 


SD: 1.91 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[0126] [Table 17] 

Specimens of transgenic plant (tobacco) selected on the basis of the length of largest leaf 
at week 3 after transplantation as compared with control plant (generation: TO, No. of 
individuals to be screened: 1 72, calculation made on the basis of the upper 70% distribution 
of control plant) (individuals of low rooting ability would distort the distribution, so the lower 
30% was excluded) 





Genomic DNA 
fragment introduced 


Measured 
value 


Probability* 


Selected transgenic plant 


A011C02 


24.3 


0.00321 


Selected transgenic plant 


A009E11 


23.9 


I 0.00590 


Control plant (upper 70%) 




Average 19.05 


SD:1.93 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[0127] [Table 18] 

Specimens of transgenic plant (tobacco) selected on the basis of natural plant height at 
week 3 after transplantation as compared with control plant (generation: TO, No. of 
individuals to be screened: 1 72, calculation made on the basis of the upper 70% distribution 
of control plant) (individuals of low rooting ability would distort the distribution, so the lower 
30% was excluded) 





Genomic DNA 
fragment introduced 


Measured 
value 


Probability* 


Selected transgenic plant 


A011C02 


40 


0.00480 


Control plant (upper 70%) 




Average 20.74 


SD: 7.44 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 
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[0128] Example 8. Evaluation of Rice Transformed with the 
Genomic DNA Fragments Contained in Arabidopsls Derived 
Genomic DNA Library and Selection of Plants Having 
Phenotypic Variation 

As in the case of Oryza ruflpogon. genomic DNA was 
isolated from Arabidopsls (Arabidopsls thaliana) , a genomic 
DNA library was constructed, and the genomic clones 
constituting the library were individually introduced into 
rice (Yukihikari) by transformation. As a result, 
transgenic plants were obtained into which a total of 1477 
genomic DNA fragments in the genomic DNA library had been 
introduced individually. The ecotype of the Arabidopsls 
used in Example 8 was Columbia and its seeds are available 
from an international Arabidopsls gene resource bank (say, 
RIKEN Bioresource Center). The transgenic plants and their 
progeny were cultivated in a greenhouse as in the case of 
the Oryza ruflpogon derived genomic DNA library and the 
effectiveness of the introduced genomic DNA fragments was 
assessed by investigating the vigor of the plant taken as a 
whole, plant length, relative growth rate, number of 
panicles, shoot weight, panicle weight, panicle length, 
number of fertile grains, yield, number of leaves, leaf 
length, leaf width, leaf weight, drought resistance, salt 
tolerance, and disease resistance. The rice variety 
Yukihikari transformed with GUS gene was used as a control 
plant. The transgenic plants that were found to have a 
phenotypic variation in one or more of the traits listed 
above and their progeny were selected. In addition, the 



genomic DNA fragments introduced into the selected plants 
were selected as Arabidopsis derived genomic DNA fragments 
capable of providing crops with a potentially 
agriculturally advantageous phenotypic variation. 
[0129] In the following case (Table 19), the distribution 
of measured values for the control plant was fit to a 
normal distribution. In accordance with the normal 
distribution and on the hypothesis that the introduced 
fragments were not effective, the probability that a line 
showing the values of measurement for the selected 
transgenic plant lines would appear was calculated. In 
each case, the probability of appearance among the screened 
lines was extremely small and the expected value for the 
appearance of those selected lines was by far smaller than 
1.0. Of the 1477 lines that were investigated for the 
total panicle weight, 13 lines had expected values smaller 
than 1.0. Therefore, the hypothesis for the non- 
effectiveness of the introduced fragments was rejected and 
it was statistically demonstrated that the selected lines 
showed a significant phenotypic variation. 
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[0130] [Table 19] 

Transgenic plant (rice) specimens selected on the basis of total panicle weight as 
compared with control plant (generation: TO, number of screened lines: 1477) 





Genomic DNA 
fragment 
introduced 


No. of 
Individuals 


Average of 
measured 
values 


Probability* 


Selected transgenic plant 


G009G04 


2 


4.75 


3.65973E-06 


Selected transgenic plant 


H008C01 


2 


4.71 


6.25678E-06 


Selected transgenic plant 


H003E08 


2 


4.54 


2.2741 7E-05 


Selected transgenic plant 


G001B04 


2 


4.33 


3.47921 E-05 


Control plant 




99 


1.73 


SD:1.10 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[0131] Example 9. Evaluation of Rice Transformed with the 
Genomic DNA Fragments Contained in Rhodes Grass Derived 
Genomic DNA Library and Selection of Plants Having 
Phenotypic Variation 

As in the case of Oryza ruflpogon . genomic DNA was 
isolated from Rhodes grass (Chlorls gayana) , a genomic DNA 
library was constructed, and the genomic clones 
constituting the library were individually introduced into 
rice (Yukihikari) by transformation. As a result, 
transgenic plants were obtained into which a total of 1450 
genomic DNA fragments in the genomic DNA library had been 
introduced individually. The variety of Rhodes grass used 
in Example 9 is commercially available in the name of 
Callide. The transgenic plants and their progeny were 
cultivated in a greenhouse as in the case of the Oryza 
ruflpogon derived genomic DNA library and the effectiveness 
of the introduced genomic DNA fragments was assessed by 
investigating the vigor of the plant taken as a whole. 



plant length, relative growth rate, number of panicles, 
shoot weight, panicle weight, panicle length, number of 
fertile grains, yield, number of leaves, leaf length, leaf 
width, leaf weight, drought resistance, salt tolerance, and 
disease resistance. The rice variety Yukihikari 
transformed with GUS gene was used as a control plant. The 
transgenic plants that were found to have a phenotypic 
variation in one or more of the traits listed above and 
their progeny were selected. In addition, the genomic DNA 
fragments introduced into the selected plants were selected 
as Rhodes grass derived genomic DNA fragments capable of 
providing crops with a potentially agriculturally 
advantageous phenotypic variation. 

[0132] In the following case (Table 20), the distribution 
of measured values for the control plant was fit to a 
normal distribution. In accordance with the normal 
distribution and on the hypothesis that the introduced 
fragments were not effective, the probability that a line 
showing the values of measurement for the selected 
transgenic plant lines would appear was calculated. In 
each case, the probability of appearance among the screened 
lines was extremely small and the expected value for the 
appearance of those selected lines was by far smaller than 
1.0. Of the 905 lines that were investigated for the total 
panicle weight, 23 lines had expected values smaller than 
1.0. Therefore, the hypothesis for the non-effectiveness 
of the introduced fragments was rejected and it was 
statistically demonstrated that the selected lines showed a 



significant phenotypic variation. 



[0133] [Table 20] 

Transgenic plant (rice) specimens selected on the basis of total panicle weight as compared 
with control plant (generation: TO, number of screened lines: 905) 





Genomic DNA 
fragment introduced 


No. of Individuals 
investigated 


Average of 
measured values 


Probability* ! 


Selected 
transgenic plant 


C045H09 


4 


3.545 


2.26464E-09 


Selected 
transgenic plant 


C043D11 


3 


3.443 


1.061 7E-07 


Selected 
transgenic plant 


C042B08 


5 


2.714 


4.29802E-07 


Selected 
transgenic plant 


C040G05 


4 


2.985 


5.42953E-07 


Selected 
transgenic plant 


C047A12 


5 


2.836 


2.76644E-06 


Control plant 




109 


1.588 


SD: 0.95196 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[0134] Example 10. Evaluation of Rice and Maize 
Transformed with the Genomic DNA Fragments Contained in 
Sorghum Derived Genomic DNA Library and Selection of Plants 
Having Phenotypic Variation 

As in the case of Oryza rufipogon , genomic DNA was 
isolated from sorghum (Sorghum bicolor) , a genomic DNA 
library was constructed, and the genomic clones 
constituting the library were individually introduced into 
rice (Yukihikari) and maize (A188) by transformation. As a 
result, transgenic plants were obtained in two groups, into 
which 2560 and 200 genomic DNA fragments in the genomic DNA 
library had been respectively introduced individually. The 
variety of sorghum used in Example 10 is commercially 
available in the name of gold sorgho. The transgenic 
plants and their progeny were cultivated in a greenhouse as 
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in the case of the Oryza ruflpogon derived genomic DNA 
library and the effectiveness of the introduced genomic DNA 
fragments was assessed by investigating the vigor of the 
plant taken as a whole, plant length, relative growth rate, 
number of ears, shoot weight, ear weight, ear length, 
number of fertile grains, yield, number of leaves, leaf 
length, leaf width, leaf weight, drought resistance, salt 
tolerance, and disease resistance. The transgenic plants 
that were found to have a phenotypic variation in one or 
more of the traits listed above and their progeny were 
selected. In addition, the genomic DNA fragments 
introduced into the selected plants were selected as 
sorghum derived genomic DNA fragments capable of providing 
crops with a potentially agriculturally advantageous 
phenotypic variation. 

[0135] Shown below is a case for the total panicle weight 
of rice (Table 21). In the following case, the 
distribution of measured values for the control plant was 
fit to a normal distribution. The rice variety Yukihikari 
transformed with GUS gene was used as a control plant. In 
accordance with the normal distribution and on the 
hypothesis that the introduced fragments were not 
effective, the probability that a line showing the values 
of measurement for the selected transgenic plant lines 
would appear was calculated. In each case, the probability 
of appearance among the lines to be selected was extremely 
small and the expected value for the appearance of those 
selected lines was by far smaller than 1.0. Of the 2504 
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lines that were investigated for the total panicle weight, 
43 lines had expected values smaller than 1.0. Therefore, 
the hypothesis for the non-effectiveness of the introduced 
fragments was rejected and it was statistically 
demonstrated that the selected lines showed a significant 
phenotypic variation. 
[0136] [Table 21] 



Transgenic plant (rice) specimens selected on the basis of total panicle weight as 
compared with control plant (generation: TO, number of screened lines: 2504) 





Genomic DNA 
fragment introduced 


No. of individuals 
investigated 


Average of 
measured values 


Probability* 


Selected 
transgenic plant 


E003G10 


5 


3.308 


1.7166E-15 


Selected 
transgenic plant 


E004G09 


5 


2.486 


1.23902E-09 


Selected 
transgenic plant 


E005C07 


5 


2.376 


5.1179E-09 


Selected 
transgenic plant 


E005B11 ! 


5 


2.9 


1.53413E-08 


Selected 
transgenic plant 


E048H09 


2 


4.235 


5.0472E-08 


Control plant 




157 


1.48255 


SD: 0.84700 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[0137] After introducing sorghum fractions, transgenic 
maize plants of the current generation were subjected to 
analysis of variance on the following traits: the plant 
length at days 28 and 35 after transplantation, relative 
growth rate (((plant length at day 35 after transplantation 
minus plant length at day 2 8 after 
transplantation)/?) /plant length at day 28 after 
transplantation), lamina length at ear bearing nodes, 
largestear's weight, number of grains in largest ear, total 
grain weight in largest ear, and single grain weight (total 
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grain weight in largest ear divided by the number of grains 
in largest ear). The relative growth rate, number of 
grains in largest ear and single grain weight had 
significantly greater variances than those of the control 
plant. In order to correct the seasonal unevenness in 
growth, the average was calculated for all individuals that 
were potted on the same day and analysis was made after 
normalizing the data by the formula (value of each 
individual - average ) / average . 

[0138] In the following cases (Tables 22-27), the 
distribution of measured values for the control plant was 
fit to a normal distribution. A maize variety (A188) 
transformed with GUS gene was used as a control plant . In 
accordance with the normal distribution and on the 
hypothesis that the introduced fragments were not 
effective, the probability that a line showing the values 
of measurement for the selected transgenic plant lines 
would appear was calculated. In each case, the probability 
of appearance among the screened lines was extremely small 
and the expected value for the appearance of those selected 
lines was by far smaller than 1.0. Of the 150 lines 
investigated, 7 lines had expected values smaller than 1.0 
for relative growth rate and 8 lines did so for the number 
of grains in the largest ear. Therefore, the hypothesis 
for the non-effectiveness of the introduced fragments was 
rejected and it was statistically demonstrated that the 
selected lines showed a significant phenotypic variation. 
[0139] On the basis of those results, the genomic DNA 



- 70 - 



fragments derived from sorghum were selected as genomic DNA 
fragments capable of providing maize with a potentially 
agriculturally advantageous phenotypic variation. 
[0140] [Table 22] 



Transgenic plant (maize) specimens selected on the basis of plant length at day 28 after 
transplantation (generation: TO, number of screened lines: 150, data normalized due to data 
integration over more than two potting days) 





Genomic DNA 
fragment introduced 


No. of individuals 
investigated 


Average of measured 
values (normalized) 


Probability* 


Selected 
transgenic plant 


F001D10 


2 


0.085 


0.00335 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[0141] [Table 23] 



Transgenic plant (maize) specimens selected on the basis of relative growth rate (generation: TO, 
number of screened lines: 150, data normalized due to data integration over more than two potting 
days) 





Genomic DNA 
fragment introduced 


No. of individuals 
investigated 


Average of measured 
values (normalized) 


Probability* 


Selected 
transgenic plant 


F004D08 


3 


0.088 


0.00000 


Selected 
transgenic plant 


F006B11 


1 


0.001 


0.00082 


Selected 
transgenic plant 


F004B08 


2 


0.412 


0.00099 


Selected 
transgenic plant 


F007A05 


2 


0.045 


0.00114 


Selected 
transgenic plant 


F007B03 


3 


0.388 


0.00173 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 
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[0142] [Table 24] 



Transgenic plant (maize) specimens selected on the basis of largest ears weight 
(generation: TO, number of screened lines: 150, data normalized due to data integration 
over more than two potting days) 





Genomic DNA 
fragment introduced 


No. of individuals 
investigated 


Average of measured 
values (normalized) 


Probability* 


Selected 
transgenic plant 


F002D10 


2 


0.026 


0.00028 


Selected 
transgenic plant 


F004A01 


2 


0.059 


0.00051 


Selected 
transgenic plant 


F002B04 


3 


0.458 


0.00060 


Selected 
transgenic plant 


F001D09 


3 


0.446 


0.00071 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[0143] [Table 25] 

Transgenic plant (maize) specimens selected on the basis of total grain weight in largest 
ear (generation: TO, number of screened lines: 150, data normalized due to data 
integration over more than two potting days) 





Genomic DNA 
fragment introduced 


No. of individuals 
investigated 


Average of measured 
values (normalized) 


Probability* 


Selected 
transgenic plant 


F003B03 


1 


0.000 


0.00002 


Selected 
transgenic plant 


F004A01 


2 


0.062 


0.00020 


Selected 
transgenic plant 


F002D10 


2 


0.037 


0.00071 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[0144] [Table 26] 

Transgenic plant (maize) specimens selected on the basis of the number of grains in 
largest ear (generation:T0, number of screened lines: 150, data normalized due to data 
integration over more than two potting days) 





Genomic DNA 
fragment introduced 


No. of individuals 
investigated 


Average of measured 
values (normalized) 


Probability* 


Selected 
transgenic plant 


F003B03 


1 


0.000 


0.00003 


Selected 
transgenic plant 


F003C02 


3 


0.325 


0.00079 


Selected 
transgenic plant 


F005D11 


3 


0.334 


0.00092 


Selected 
transgenic plant 


F004A01 


2 


0.101 


0.00123 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 
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[0145] [Table 27] 

Transgenic plant (maize) specimens selected on the basis of lamina length (generation: 
TO, number of screened lines: 1 50, data normalized due to data integration over more 
than two potting days) 





Genomic DNA 
fragment introduced 


No. of individuals 
investigated 


Average of measured 
values (normalized) 


Probability* 


Selected 
transgenic plant 


F002A05 


3 


0.141 


0.00269 


Selected 
transgenic plant 


F007B08 


1 


0.015 


0.01510 



* Probability for the occurrence of the line of interest on the hypothesis for non-effectiveness of 
introduced fragments 



[0146] Example 11. Evaluation of Rice Transformed with the 
Genomic DNA Fragments Contained in Teosinte Derived Genomic 
DNA Library and Selection of Plants Having Phenotypic 
Variation 

As in the case of Oryza ruflpogon , genomic DNA was 
isolated from teosinte (Zea diploperenls) , a genomic DNA 
library was constructed, and the genomic clones 
constituting the library were individually introduced into 
rice (Yukihikari) by transformation. As a result, 
transgenic plants were obtained into which a total of 1608 
genomic DNA fragments in the genomic DNA library had been 
introduced individually. The variety of teosinte used in 
Example 11 is commercially available as teosinte for 
pasture. The transgenic plants and their progeny were 
cultivated in a greenhouse as in the case of the Oryza 
ruflpogon derived genomic DNA library and the effectiveness 
of the introduced genomic DNA fragments was assessed by 
investigating the vigor of the plant taken as a whole, 
plant length, relative growth rate, number of panicles, 



shoot weight, panicle weight, panicle length, number of 
fertile grains, yield, number of leaves, leaf length, leaf 
width, leaf weight, drought resistance, salt tolerance, and 
disease resistance. The transgenic plants that were found 
to have a phenotypic variation in one or more of the traits 
listed above and their progeny were selected. In addition, 
the genomic DNA fragments introduced into the selected 
plants were selected as teosine derived genomic DNA 
fragments capable of providing crops with a potentially 
agriculturally advantageous phenotypic variation. The rice 
variety Yukihikari transformed with GUS gene was used as a 
control plant. The growth of rice cultivated after 
treatment with teosinte genomic fragments is shown in 
Fig. 7. 

Example 12. Evaluation of Rice Transformed with the Genomic 
DNA Fragments Contained in Sudan Grass Derived Genomic DNA 
Library and Selection of Plants Having Phenotypic Variation 

As in the case of Oryza rufipogon , genomic DNA was 
isolated from Sudan grass {Sorghum Sudanese) , a genomic DNA 
library was constructed, and the genomic clones 
constituting the library were individually introduced into 
rice (Yukihikari) by transformation. As a result, 
transgenic plants were obtained into which a total of 2644 
genomic DNA fragments in the genomic DNA library had been 
introduced individually. The variety of Sudan grass used 
in Example 12 is commercially available for pasture. The 
transgenic plants and their progeny were cultivated in a 
greenhouse as in the case of the Oryza rufipogon derived 
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genomic DNA library and the effectiveness of the introduced 
genomic DNA fragments was assessed by investigating the 
vigor of the plant taken as a whole, plant length, relative 
growth rate, number of panicles, shoot weight, panicle 
weight, panicle length, number of fertile grains, yield, 
number of leaves, leaf length, leaf width, leaf weight, 
drought resistance, salt tolerance, and disease resistance. 
The transgenic plants that were found to have a phenotypic 
variation in one or more of the traits listed above and 
their progeny were selected. In addition, the genomic DNA 
fragments introduced into the selected plants were selected 
as Sudan grass derived genomic DNA fragments capable of 
providing crops with a potentially agriculturally 
advantageous phenotypic variation. 

[0147] In the following case (Table 28), the distribution 
of measured values for the control plant was fit to a 
normal distribution. The rice variety Yukihikari 
transformed with GUS gene was used as a control plant . In 
accordance with the normal distribution and on the 
hypothesis that the introduced fragments were not 
effective, the probability that a line showing the values 
of measurement for the selected transgenic plant lines 
would appear was calculated. In each case, the probability 
of appearance among the screened lines was extremely small 
and the expected value for the appearance of those selected 
lines was by far smaller than 1.0. Of the 2644 lines that 
were investigated for the total panicle weight, 21 lines 
had expected values smaller than 1.0. Therefore , the 
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hypothesis for the non-effectiveness of the introduced 
fragments was rejected and it was statistically 
demonstrated that the selected lines showed a significant 
phenotypic variation. 
[0148] [Table 28] 



Transgenic plant (rice) specimens selected on the basis of total panicle weight as 
compared with control plant (generation: TO, number of screened lines: 2644) 





Genomic DNA 
fragment introduced 


No. of individuals 
investigated 


Average of 
measured values 


Probability* 


Selected 
transgenic plant 


J004A03 


2 


5.685 


5.69519E-10 


Selected 
transgenic plant 


J022G12 


1 


6.850 


1.08326E-07 


Selected 
transgenic plant 


J022B05 


2 


4.150 


9.28268E-06 


Selected 
transgenic plant 


J018E04 


2 


4.240 


1.14451E-05 


Selected 
transgenic plant 


I022F08 


2 


4.210 


1.99432E-05 


Control plant 




86 


1.606 


SD : 1.01148 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[0149] Example 13. Evaluation of Rice Transformed with the 
Genomic DNA Fragments Contained in Millet Derived Genomic 
DNA Library and Selection of Plants Having Phenotypic 
Variation 

As in the case of Oryza ruflpogon , genomic DNA was 
isolated from millet (Seteria Italica) . a genomic DNA 
library was constructed, and the genomic clones 
constituting the library were individually introduced into 
rice (Yukihikari) by transformation. As a result, 
transgenic plants were obtained into which a total of 2952 
genomic DNA fragments in the genomic DNA library had been 
introduced individually. The variety of millet used in 
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Example 13 is extremely early Italian millet R which is 
commercially available for pasture. The transgenic plants 
and their progeny were cultivated in a greenhouse as in the 
case of the Oryza ruflpogon derived genomic DNA library and 
the effectiveness of the introduced genomic DNA fragments 
was assessed by investigating the vigor of the plant taken 
as a whole, plant length, relative growth rate, number of 
panicles, shoot weight, panicle weight, panicle length, 
number of fertile grains, yield, number of leaves, leaf 
length, leaf width, leaf weight, drought resistance, and 
disease resistance. The transgenic plants that were found 
to have a phenotypic variation in one or more of the traits 
listed above and their progeny were selected. In addition, 
the genomic DNA fragments introduced into the selected 
plants were selected as millet derived genomic DNA 
fragments capable of providing crops with a potentially 
agriculturally advantageous phenotypic variation. 
[0150] In the following case (Table 29), the distribution 
of measured values for the control plant was fit to a 
normal distribution. The rice variety Yukihikari 
transformed with GUS gene was used as a control plant . In 
accordance with the normal distribution and on the 
hypothesis that the introduced fragments were not 
effective, the probability that a line showing the values 
of measurement for the screened transgenic plant lines 
would appear was calculated. In each case, the probability 
of appearance of the selected lines was extremely small and 
the expected value for the appearance of those selected 
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lines was by far smaller than 1.0. Of the 1126 lines that 
were investigated for the total panicle weight, 15 lines 
had expected values smaller than 1.0. Therefore, the 
hypothesis for the non-effectiveness of the introduced 
fragments was rejected and it was statistically 
demonstrated that the selected lines showed a significant 
phenotypic variation. 
[0151] [Table 29] 



Transgenic plant (rice) specimens selected on the basis of total panicle weight as 
compared with control plant (generation: TO, number of screened lines: 1 126) 





Genomic DNA 
fragment introduced 


No. of individuals 
investigated 


Average of 
measured values 


Probability* 


Selected 
transgenic plant 


L012C03 


2 


5.460 


, 1.3433E-06 


Selected 
transgenic plant 


L006H01 


2 


5.010 


4.82425E-05 


Selected 
transgenic plant 


L004D12 


2 


4.855 


5.0031 8E-05 


Selected 
transgenic plant 


L003H07 


2 


4.660 


0.00016 


Selected 
transgenic plant 


L012D02 


2 


4.525 


0.00034 


Control plant 




32 


1.976 


SD: 1.23387 



* Probability for the occurrence of the line of interest on the hypothesis for 
non-effectiveness of introduced fragments 



[0152] Example 14. Evaluation of Plants Transformed with 
the Genomic DNA Fragments Contained in Guinea Grass Derived 
Genomic DNA Library and Selection of Plants Having 
Phenotypic Variation 

As in the case of Oryza ruflpogon , genomic DNA was 
isolated from Guinea grass (Panicum maximum) . a genomic DNA 
library was constructed, and the genomic clones 
constituting the library were individually introduced into 
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rice, maize and tobacco by transformation., The variety of 
Guinea grass used in Example 14 is colored Guinea grass 
commercially available for pasture. The transgenic plants 
and their progeny were cultivated in a greenhouse as in the 
case of the Oryza ruflpogon derived genomic DNA library and 
the effectiveness of the introduced genomic DNA fragments 
was assessed by investigating the vigor of the plant taken 
as a whole, plant length, relative growth rate, number of 
panicles, shoot weight, panicle weight, panicle length, 
number of fertile grains, yield, number of leaves, leaf 
length, leaf width, leaf weight, drought resistance, salt 
tolerance, and disease resistance. The transgenic plants 
that were found to have a phenotypic variation in one or 
more of the traits listed above and their progeny were 
selected. In addition, the genomic DNA fragments 
introduced into the selected plants were selected as Guinea 
grass derived genomic DNA fragments capable of providing 
rice, maize or tobacco with a potentially agriculturally 
advantageous phenotypic variation. 

Example 15 Production of Genomic DNA Fragments by PCR 
Using Selected Genomic DNA Fragments as Templates 

The selected genomic DNA fragments, AS4 ( A011D07 ) , 
AS8(A014E08) , AS19 ( A010B03 ) , AS20 ( A011C02 ) , AS22 ( A014D12 ) , 
AS27(A012D12) , AS28 ( A015C06 ) and AS30 ( A016D02 ) , were 
investigated for their terminal nucleotide sequences. 
Primers were designed for the mapped sequences and vector 
sequences and, using plasmid DNA isolated from E. coll as a 
template, PCR was conducted to verify the presence of both 



\ 
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terminal ends of the T-DNA region (as indicated by PCR1 and 
PCR3 in Fig. 8) . 

[0153] The vector region primers used in PCR1 and PCR3 
respectively had the following sequences: 
5 ■ - CTGAAGGCGGGAAACGAC AATCTG - 3 ' ; and 
5 ' -AACTGCACTTCAAACAAGTGTGAC-3 1 . 

[0154] The genomic DNA fragment specific primers used in 

PCR1 had the following sequences: 

AS 4 : 5' - GATTCCGACCTCTACACGAACAAC - 3' 

AS8 : 5' - AGAAACCCTAGCCGTCACTTCCCT - 3' 

AS 19 : 5' - TCAAGTCATTTCACAAAGTCGGAC - 3' 

AS 20 : 5' - GCTTAGAGGTGAAAATGGTAACGG - 3' 

AS 2 2 : 5' - TTCTGTCCTTGTTCGATTTGTCAG - 3' 

AS27 : 5' - CCGGATTCACCGTGGTACGAAAGG - 3' 

AS 2 8 : 5' - TTCCAATTACCAGACACTAAAGCG - 3* 

AS30 : 5' - TGGCACCAGACTTGCCCTCCAATG - 3' 



[015 5] The genomic DNA fragment specific primers used in 



PCR3 


had 


the following sequences : 




AS 4 : 


: 5' 


- GTACGGCCTGGGTCACTCACTGTC - 


3' 


AS 8 : 


: 5' 


- TCATCATCCTGTTATCTAGACTCC - 


3' 


AS19 


: 5* 


- TACTTATTCCGTGAGTCGGAAGCG 


- 3' 


AS20 


: 5' 


- TCCAGTGTTATGATGTTTGGGCTG 


- 3' 


AS22 


: 5' 


- AACTCATCTTTAATCCCAGTTTGC 


- 3' 


AS27 


: 5' 


- TAACGCCATAAACAAGTGTCACTC 


- 3' 


AS28 


: 5* 


- GAACTGTGAAACTGCGAATGGCTC 


- 3' 


AS 30 


: 5' 


- AAATCCACACGACTCTCGGCAACG 


- 3' 
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[0156] The genomic DNA fragments AS4, AS8 and AS22 were 
also subjected to PCR to verify the presence of central 
portions of fragment (as indicated by PCR2 in Fig. 8). The 
primers used in PCR2 had the following sequences: 
AS 4 : 5 f - TGGGCTCCAGCAGAAACGAACCCT - 3 ' and 

5 1 -CTTATATTTAGGAACGGAGTGAGT-3 1 
AS 8 : 5 ' - AAGCGAAGGC ACCCCTTCAC AT - 3 ' and 

5 ■ - ACGAGGAGCCCGACAAGGAGAC - 3 1 
AS 2 2 : 5 ' - TGAAATACCACTCATGAACTTCCG - 3 ' and 
5 1 - ATTATCTGTTGTGTCCGAAATGTG- 3 ' . 

In each case of PCR, Takara ExTaq (TAKARA) or Takara 
LA Taq (TAKARA) was used and the cycle of thermal 
denaturation (94°C x 30 sec), annealing (58°C x 30 sec) and 
extension (72°C x 30 sec) was repeated 30 or 35 times. The 
PCR products were analyzed by agarose gel electrophoresis. 
[0157] The results of PCR analysis are shown in Fig. 9. 
In each of PCR1, PCR2 and PCR3 , PCR products of the desired 
sizes were observed when plasmid DNA for the respective 
genomic DNA fragments were used as templates. However, no 
such PCR products were observed when pSB200 was used as a 
template. These results show that the rufipogon fragments 
introduced into pSB200 can be produced by PCR (Fig. 9). 
Example 16 Use of the Selected Fragments as Markers 
The genomic DNA assessed and transferred into rice to cause 
a phenotypic variation in Example 3 was further transferred 
into maize for transformation in Example 6. The transgenic 
maize was cultivated in a greenhouse and pollinated with 
pollens of the maize variety A188 grown in a separate 
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greenhouse. It is anticipated that the resulting progeny 
seeds will segregate into two types of individuals, one 
having Oryza ruflpogon genomic DNA fragments and the other 
having not. Hence, using their T-DNA border sequences as a 
marker, the introduced genomic DNA fragments were amplified 
by PCR to check for the presence of Oryza. ruflpogon derived 
genomic DNA fragments. As a result, the plant individuals 
having the marker were found to be suitable for variety 
breeding and, hence, applicable in further steps of 
breeding whereas the plant individuals having no such 
marker were found to be unsuitable for variety improvement. 
[0158] Table 30 shows the relation between the presence or 
absence of introduced genomic DNA fragments and the 
measured values of traits. 
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[0160] Example 17 E. coll Based Method of Producing 
Selected Genomic DNA Fragments 

E. coll having a cloning vector (pSB200) containing 
transformed genomic DNA fragments were individually stored 
at -80°C in glycerol stocks. From those stocks, E. coll 
were picked up and cultured on an LA(Sp50) plate at 28°C 
for 3 days until a single colony grew. An LB(Sp50) liquid 
medium (2 ml) was inoculated with the grown single colony 
and shaken overnight at 28°C; thereafter, the liquid 
culture was transferred into a 1.5 -ml microtube and 
centrifuged at 15000 rpm for 2 minutes to collect cells. 
The supernatant was discarded and plasmid was isolated from 
the cell pellet in the usual manner (alkali method); 
plasmid DNA was dissolved in 40 \il of TE to get the genomic 
DNA fragments cloned in the cloning vector. 

Example 18 Method of Producing DNA Fragments Including the 
Step of Restrictive Degradation of Prepared Genomic DNA 
Fragments 

Using the plasmid DNA prepared in Example 17 (clone 
designations: AS88, AS90, AS95-AS102, AS104-AS106 ) , 
reaction solutions were prepared according to the following 
recipe . 

[0161] The respective plasmid DNA clones contained the 
following genomic DNA fragments (A018D06, A047C01, A082B03, 
A082B06, A083A01, A083A02, A084H04, A084H05, A088A12, 
A091E11, A049B03, A080C09 and A088C09). 

Plasmid DNA 4 jxl 

lOx M buffer (Takara) 2 \xl 
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Hindi I I 



0.5 (il 



SacI 



0.5 \il 



RNaseA 



0.1 ^il 



Sterile water 



12.9 \il 



Total 



20 \xl 



After reaction at 37°C for 1 hour, the reaction 
solution was mixed with 4 ^1 of 6x dye and 6 \il of the 
mixture was subjected to electrophoresis on 0.7% agarose 
gel (100 V, 1 hr). After the end of electrophoresis, the 
gel was stained with Ethidium Bromide to yield restriction 
enzyme cleaved fragments from the respective genomic 
clones. An example of this result is shown in Fig. 10. 
Example 19 Incorporating E. coll Produced Genomic DNA 
Fragments into Transformation Vector (pSB200) 

Using the plasmid DNA isolated and purified from E. 
coll (genomic DNA fragment G001A03), BP reaction was 
performed (25°C overnight) in accordance with the protocol 
attached to a GATEWAY Technology (Invitrogen) kit and, 
after treatment with Proteinase K, ethanol was added to 
precipitate the plasmid DNA. After centrifugal (15000 rpm) 
treatment, the pellet was washed with 70% ethanol and 
redissolved in 10 \il of TE . A portion (2 of the 

solution was used to introduce the plasmid into E. coll 
DB3 . 1 by electroporation and the bacteria was plated on 
LA(Sp50Cm30) and cultivated at 28°C for 3 days. The 
growing single colony was cultivated on 2 ml of 
LA(Sp50Cm30) and the plasmid DNA was isolated in the usual 
manner (alkali method) and fragment analysis was performed 
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using Hindlll and SacI to select the desired plasmid. By 
BP reaction, the aaBl-HPT-aaB2 fragment is replaced by the 
aaRl-ccdB-Cm-aaR2 fragment and the vector size changes from 
9.8 kb to 10.4 kb; this change was used as a marker for the 
selection of the recombinant plasmid (G001A03DEST) (lane 2 
in Fig. 11) . 

[0162] Using the thus selected plasmid G001A03DEST , LR 
reaction was performed under the same conditions as the BP 
reaction and G001A03bar was selected; G001A03bar was a 
clone substituted with a drug selection marker gene. By LR 
reaction, the aaRl-ccdB-Cm-aaR2 fragment is replaced by the 
aaBlbar-aaB2 fragment and the vector size changes from 
10.4 kb to 9.3 kb; this change was used as a marker for the 
selection of G001A03bar (lane 3 in Fig. 11). As a result, 
the selected fragment of interest could successfully be 
incorporated into a vector capable of plant transformation. 
Example 20. Analysis of the Selected Genomic DNA Clones 

The selected genomic DNA fragments were investigated 
for the nucleotide sequences of 280-500 bases at both 
terminals. The results are indicated by the sequence 
numbers associated with the respective genomic DNA 
fragments shown in Tables 1-9 and in Fig. 3. The sequences 
of PCR primer pairs that can be used to detect those 
fragments by PCR are shown in the following Table 31. 
[0163] [0165] 
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Table 31 

Examples of the selected genomic DNA fragments derived 
from Oryza ruflpogon's genome and the PCR primer pairs that 
can detect them 



Selected 

genomic 

DNA 

fragments 


Detecting primer pair 1 


Detecting primer pair 2 


A029B04 


5 ' -TCGAATTTGACCATGAGATACAGA-3 ' 

(SEQ ID NO: 47) 
5 ' -AAGAAAAAAATGCTTGTGTACTGA-3 ' 

(SEQ ID NO: 48) 


5 ' -TCGAGCTAATTAACTAGCCAAGTG-3 ' 

(SEQ ID NO: 49) 
5 ' - AAGTAAC ATGAGAAAAAAAAACAT - 3 ' 

(SEQ ID NO:50) 


A028C04 


5 ' -TCGATTAAGACAGCAGGACGGTGG-3 ' 

(SEQ ID NO:5l) 
5 ' -GCAAGTGCCGTTCACATGGAACCT-3 ' 

(SEQ ID NO: 52) 


5 ' - TCGAGGGCGTTGCGCCCCCGATGC - 3 ' 

(SEQ ID NO: 53) 
5 ' -CCGTCTTGAAACACGGACCAAGGA-3 ' 

(SEQ ID NO: 54) 


A048F12 


5 ' - TCGATGTAGTCCTCCTCGAGGCCG- 3 ' 

(SEQ ID NO: 55) 
5 ' -CAACAACCGAGCAATACAGTTCAA-3 ' 

(SEQ ID NO: 56) 


5 ' - TCGAGTGGTCGGCGTCCCCCGGCC - 3 ' 

(SEQ ID NO: 57) 
5 ' -CCGGAGTTCACCATGCCCCGGGGC-3 ' 

(SEQ ID NO: 5 8) 


A049A01 


5 ' -TCGAACTAACGCTAACAACGTGCA- 3 ' 

(SEQ ID NO: 59) 
5 ' -ATTTGGCGCATCTGAACACTGAAC-3 ' 

(SEQ ID NO:60) 


5 ' -TCGAGTGCCATCCTCTTCTCAATG-3 ' 

(SEQ ID NO: 61) 
5 ' -GTTTTTGTTCGTTACAATGAGAAC-3 ' 

(SEQ ID NO: 62) i 


A046A06 


5 ' -TCGAACTACCGAGCTCCCCCTAAT- 3 ' 

(SEQ ID NO: 63) 
5 * -GTAGCTGAAAGGCGTAACCGTACC-3 ' 

(SEQ ID NO: 64) 


5 ' -TCGAACTTGTCTTCCAATTTGCGT-3 ' 

(SEQ ID NO: 65) 
5 ' - AACCCCGAACTTCAATCAAGTCCC- 3 ' 

(SEQ ID NO: 66) 


A045B09 


5 ' -TCGACGACGACGCGGCGAAGCCGA- 3 ' 

(SEQ ID NO: 67) 
5 ' -CCGCCGCATCCCGCCGTCCCCGCG-3 ' 

(SEQ ID NO: 68) 


5 ' -TCGAGGATGCCTGTGGAGTGGTGT- 3 ' 

(SEQ ID NO: 69) 
5 ' -CCGTGGACCGCCGCTTCGTTTCCC-3 ' 

(SEQ ID NO:70) 


A049A07 


5 ' -TCGAGCAGTCCGCCGGCAGCCGAC- 3 ' 

(SEQ ID NO: 71) 
5 ' - ATTTCCCGAGCCGGGACGTGGCGG- 3 ' 

(SEQ ID NO: 72) 


5 ' - TCGAACCATCTAGTAGCTGGTTCC - 3 ' 

(SEQ ID NO: 73) 
5 ' -GCTTCAGCGCCATCCATTTTCGGG- 3 ' 

(SEQ ID NO: 74) 
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Selected 

genomic 

DNA 

fragments 


Detecting primer pair 1 


Detecting primer pair 2 


A040D06 


5 ' -TCGACGGGTTCTGAAACCTGGGAT-3 ' 

(SEQ ID NO: 75) 
5 ' -GAGCAGCCGCGCCGTCCTACCTAT-3 ' 

(SEQ ID NO: 76) 


5 ' -TCGAGCCCCCAACTTTCGTTCTTG-3 ' 

(SEQ ID NO: 77) 
5 ' -AGCGTATATTTAAGTTGTTGCAGT-3 ' 

(SEQ ID NO: 78) 


A036A03 


5 ' -TCGAAAATGACCGTCAACAAAACC-3 ' 

(SEQ ID NO: 79) 
5 1 - ATCAAAAAGGC ATCATTTGGTGAG - 3 ' 

(SEQ ID NO:80) 


5 ' -TCGATGCATTGAGCAGAAAGGAAT-3 ' 

(SEQ ID NO:8l) 
5 ' - ATATTCTTCCACCAAAAAGTATCT,- 3 ' 

(SEQ ID NO: 82) 


A051E08 


5 ' - TCGATGAAGAACGTAGCGAAATGC - 3 ' 

(SEQ ID NO: 83) 
5 ' -ATATGCTTAAACTCAGCGGGTAGT-3 ' 

(SEQ ID NO: 84) 


5 ' -TCGATGCGAGAGCCGAGATATCCG- 3 ' 

(SEQ ID NO: 85) 
5 ' -CCCGTCGCTCCTACCGATTGAATG-3 ' 

(SEQ ID NO: 86) 


A023D09 


5 ' - TCGACGCC ATACTGATGAGCAATG - 3 ' 

(SEQ ID NO: 87) 
5 ' - GTTGATGCTCTTCTCTGCGTCATC - 3 ' 

(SEQ ID NO: 88) 


5 ' -TCGAATGCCAGTTAAAGTGATGCC-3 ' 

(SEQ ID NO: 89) 
5 ' -CTACTGCGCCGAGCCCACGCTGAG-3 ' 

(SEQ ID NO:90) 


A030B02 


5 ' - TCGAAGCTTCACAGTTGATAACTT - 3 ' 

(SEQ ID NO:9l) 
5 ' -GAGGTTTCGAACCCAGGTTGTCTA- 3 ' 

(SEQ ID NO: 92) 


5 ' -TCGAGGTGAACTATTTTTTTTCTT-3 ' 

(SEQ ID NO: 93) 
5 ' -GGCCCTCGGGGCCGAGGCGGGAGT-3 ' 

(SEQ ID NO: 94) 


A043F04 


5 ' -TCGACCACCTTCTCAGAAGCAAAA- 3 1 

(SEQ ID NO: 95) 
5 ' - AACATCCAACAGATTGAGACACTT- 3 ' 

(SEQ ID NO: 96) 


5 ' -TCGATAGCACCATTGGGACTATAC-3 ' 

(SEQ ID NO: 97) 
5 ' - TGATTCGAACAAATTTAGGGTATT- 3 ' 

(SEQ ID NO: 98) 


A049E02 


5 ' -TCGATTAAGACAGCAGGACGGTGG-3 ' 

(SEQ ID NO: 99) 
5 ' -CCCGGCTCGGGAAATCTTAACCCG-3 * 

(SEQ ID NO:100) 


5 ' -TCGACCGAATCGGGTTTTCGGTCG- 3 1 

(SEQ ID NO:10l) 
5 1 -GGATGGCCGGGCTGCCACGCGCAC-3 ' 

(SEQ ID NO: 102) 


A010C09 


5 ' - TCGACCGAATCGGGTTTTCG - 3 ' 

(SEQ ID NO: 103) 
5 ' -ACCGAAAACTGTGTGCGAGC-3 ' 

(SEQ ID NO: 104) 


5 ' -TCGATGTCGGCTCTTCCTAT-3 ' 

(SEQ ID NO: 105) 
5 1 - GGGCTGGATCTC AGTGGATC - 3 ' 

(SEQ ID NO: 106) 
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Selected 

genomic 

DNA 

fragments 


Detecting primer pair 1 


Detecting primer pair 2 


A011C02 


5 * -TCGAGTTAGGGATTTGATTG-3 ' 
(SEQ ID NO: 107) 

(SEQ ID NO: 108) 


5 ' - TCGAAGGTGGTGTCAAATTA - 3 ' 

(SEQ ID NO: 109) 
5 - GTTGTCGCTGCCACCTGATC - 3 

(SEQ ID NO: 110) 


A010B03 


5 ' -TCGAACAGCCGACTCAGAAC-3 ' 
(SEQ ID NO: 111) 

(SEQ ID NO: 112) 


5 ' -TCGAAGGATCAAAAAGCAAC-3 ' 

(SEQ ID NO: 113) 
5 -GGCTTGGCGGAATCAGCGGG-3 

(SEQ ID NO: 114) 


A009F06 


5 ' -TCGAGTTTGATTCGGATTCG- 3 ' 
(SEQ ID NO: 115) 

(SEQ ID NO: 116) 


5 ' -TCGAATAGCCGTGCCCGCGG- 3 ' 

(SEQ ID NO: 117) 
5 ' -TCTAAGCAGCGGAAAATAAA-3 ' 

(SEQ ID NO: 118) 


A009E11 


5 ' -TCGAGTTGGAGCACGCCTGT-3 ' 
(SEQ ID NO: 119) 

(SEQ ID NO:120) 


5 ' -TCGAGGCGGCCGGCCGCGGC- 3 ' 

(SEQ ID NO: 121) 
5 ' -CCTATCGATCCTTTAGACCT-3 ' 

(SEQ ID NO: 122) 


A008B02 


5 ' -TCATATATTAATTCTCTCTCTCTA-3 ' 
(SEQ ID NO: 123) 

(SEQ ID NO: 124) 


5 ' -TCGAAGACGCGGAATGGTAGTGAA-3 ' 

(SEQ ID NO: 125) 
5 - GGATAGAGATATGGTATAAGAAAT - 3 

(SEQ ID NO: 126) 


A083G04 


5 ' -TCGATGGTAGGATAGGGGCCTACC-3 ' 
(SEQ ID NO: 127) 

(SEQ ID NO: 128) 


5 ' - TCGAGTTATCATGAATCATCGGAT - 3 ' 

(SEQ ID NO: 129) 
5 ' -GACAGCCCGCCCGGCCGCCGCCGT-3 ' 

(SEQ ID NO: 130) 


A088E02 


5 ' -TCGAGCCTCCACCAGAGTTTCCTC- 3 ' 

(SEQ ID NO: 131) 
5 ' -CGGCTGGTCCGCCGATCGGCTCGG- 3 ' 

(SEQ ID NO: 132) 


5 f -TCCAGGCGTGGAGCCTGCGGCTTA-3 ' 

(SEQ ID NO: 133) 
5 1 -TGCAATGATCTATCCCCATPArfiA- ' 

(SEQ ID NO: 134) 


A089F12 


5 ' - TCGAGCAGTCCGCCGGCAGCCGAC - 3 ' 

(SEQ ID NO: 135) 
5 ' -ATTTCCCGAGCCGGGACGTGGCGG-3 ' 

(SEQ ID NO: 136) 


5 ' -TCGAACAGCCGACTCAGAACTGGT- 3 ' 

(SEQ ID NO: 137) 
5 ' -CTCAAGTCATTTCACAAAGTCGGA- 3 ' 

(SEQ ID NO: 138) 



[0166] Example 21. Introducing the Selected Genomic DNA 



Fragments into Plants 
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The genomic DNA fragments selected in Examples 3-14 
were introduced into rice, maize and tobacco by the method 
described in Example 2, 6 or 7 . The obtained transgenic 
plants and their progeny were assessed as in Examples 3-14. 
Further selected were those transgenic plants which got a 
phenotypic variation in one or more of the traits assessed, 
and progeny plants thereof. The genomic DNA fragments 
introduced into the thus selected plants were screened as 
genomic DNA fragments capable of providing plants with a 
potentially agriculturally advantageous phenotypic 
variation . 

[0167] Selected as the result of secondary screening were 
the genomic DNA fragments that were verified to be capable 
of providing the same plants with a potentially 
agriculturally advantageous phenotypic variation upon 
retransfer, as well as the genomic DNA fragments that were 
verified to be capable of providing other plants with an 
agriculturally advantageous phenotypic variation. This 
means a successful selection of genomic DNA fragments 
having higher value than when only primary screening was 
applied. 

[0168] Examples of the genomic DNA fragments thus selected 
are shown in Table 32. 
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[0169] [Table 32] 



Donor 
plant 


Genomic DNA 
fragment 


Plant 
used in 
primary 
screeni 


Phenotypic 
variat ion 
recognized in 
primary 


Plant 
used in 
secondary 
screening 


Phenotypic variation 

recognized in 
secondary screening 


Oryza 
rufipogon 


A009E11 

(SEQ ID NO: 37 

SEQ ID NO: 38) 


rice 


increased plant 
length 


rice 
tobacco 


Increased plant 
Increased leaf length 


Oryza 
rufipogon 


A009F06 

(SEQ ID NO: 35 

SEQ ID NO: 36) 


rice 


increased plant 
length 


rice 
tobacco 


Increased plant 
Increased cullus 


Oryza 
rufipogon 


A010B03 

(SEQ ID NO: 33 

SEQ ID NO: 34) 


rice 


increased plant 
length 


rice 
maize 


Increased plant 
Increased plant i 


Oryza 
rufipogon 


A010C09 

(SEQ ID NO: 29 

SEQ ID NO: 30) 


rice 


increased plant 
length 


rice 

maize 

tobacco 


Increased plant 
Increased plant 
Increased leaf length 


Oryza 
rufipogon 


A011C02 

(SEQ ID NO: 31 

SEQ ID NO: 32) 


rice 


increased plant 
length 


rice 

maize 

tobacco 


Increased plant 
Increased plant 
increased leaf 
length, increased 
plant height 



